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fLO 2fLO 3fLO0
Spectre
f   fIF 3f IF
fLO−f IF fRF=fLO+fIF
fLO−3f IF fLO+3f IF
2fLO−f IF 2fLO+f IF
2fLO−3f IF 2fLO+3f IF 3fLO−f IF
2fRFfRF
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m5J5FXLDL7UﬂP^CHTQISiFXLDHTM5W1F>G_P^QﬀUﬂP5STW1F>P^LhADHLKmyHCIGDHIAhCHIAKG7UﬂF>P^HLhCW1P-GKA7UﬂF>P-GDHLn²\?BP5P^H¦5HT?`µﬀ"U%^PM5Hid>F>SiF>GDHIA_dXHL
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BPqCW1Sim5ADW1SiFXLBADHIP^M5HISTHIP-G %d>F>P^QﬀUﬂAKF>GDQHLKGzM5W1P^C`P^QCHLDL7UﬂF>ADH#=
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HIG`LKJ^LDCHIm5GKF>5dXHL`M5H­myHIAKGKJ5AKyHIA`MO UﬂJ5GKADHL`LK VLKGDISTHLcM5HCW1SiShJ5P5FXCﬀUﬂGKFXW1P;= 8dM5W1F>G_UﬂJ^LDLKF2FXLDW1dXHIAcdrO QISiFXLDLKFXW1P
HIGzd3UiADQCHIm5GKFXW1P;=yW1SiSTH_d3Uim5J5FXLDL7UﬂP^CHh¬drO QISiFXLDLKFXW1PŁHLKGzGKADLzF>SimyW1AKG7UﬂP-GDHhmfUﬂAzA7Uﬂm5myW1AKGc¬d3Um5J5FXLDL7UﬂP^CH
ADH JIJ^H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QHi²\M5HNdrO W1ADMVADHcM5HBYrw-£1M5zµ HIGeCHNmyW1J5AeM5HL
Z\ADQ]-J^HIP^CHL m5ADWCDE^HL`²\H¦5HISim5dXHNM5HBdrO NxB³	 ­¨><ﬀ#j#£%Y7<ﬀ#v#£1x3B¯Iª;HIGs­¨ jV<#<ﬀ£%Y jV<%»1£%ª\µ=V"U`ADQImyW1P^LDH
G8 m5FX]-J^H_MO J5PRMVJ5m5dXH¦5HIJ5Azm5ADWCDE^HhM5Hcd3UfUﬂP^M5H_HLKGzCHId>dXH_M5Hcd3U­^#J5ADHT<#=><#<#=
Duplexeur
Tx :  1
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GKJ5ADHLM^UﬂP^LdXHLD]-J^HId>dXHL2dXHL"Z[W1P^CIGKFXW1P5PfUﬂd>F>GDQLP^HLDW1P-G2m5d>J^Lm5E- VLKFX]-J^HISTHIP-GLDQImfUﬂADQHL 	%dXHLLKGKAKJ^CIGKJ5ADHL+¬eZ[W1P^CY
GKFXW1P5PfUﬂd>F>GDQiADQImfUﬂAKGKFXH#=2HId3UF>Sim5d>FX]-J^Hi]-J^HiCHIAKG7UﬂF>P^L_CW1SimyW#L7UﬂP-GDL_ADQﬀUﬂd>FXLDHIP-G_m5d>J^LKFXHIJ5ADLcZ[W1P^CIGKFXW1P^L_CW1SiSTH
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M5HqGKE^LDHŁLﬀO F>P-GDQIADHLDLDHRm5d>J^L/mfUﬂAKGKFXCIJ5d>FXIADHISTHIP-GRUﬂJm5ADW15dXISTH¢M5Hqd3U ADQImfUﬂAKGKF>GKFXW1P MVJ ^d>GKA7UﬂHŁM^UﬂP^L·J5P^H
CDEfU%gXP^HhMO QISiFXLDLKFXW1P;=
LﬂMNLﬂM   XNR`X6U.YV^;TFXN\ U.YVX6lmR?a Y b lmj  lm\ UﬂRmYV\ j ^`WZYVX ,lmR`b	YVX6lmR`\
;HL LK VLKGDISTHL+M5HeGDQIdXQCW1SiShJ5P5FXCﬀUﬂGKFXW1PnSTW15F>dXHL M5W1F>¡HIP-GVU%^P/M5HeADQImyW1P^MVADHNUﬂJV¦iyHLDW1F>P^L+M5HL+J5GKF>d>FXL7U%Y
GDHIJ5ADLﬂADHLKmyHCIGDHIAM5HLCW1P-GKA7UﬂF>P-GDHL M5H G7UﬂF>d>dXHeM5H m5d>J^LHIP­m5d>J^L2Z[W1AKGDHLﬀ=ﬂ"Uz^#J5ADH`<#=><IwcSTW1P-GKA7UﬂP-G+drO QI¡W1d>J5GKFXW1P
M5H`d3UG7UﬂF>d>dXHhMO J5P^HhCﬀUﬂAKGDH­a_³xoLKJ5ABCIF>P^]nUﬂP^L­²±<ﬀ##}%Y #µF>d>d>J^LKGKADHhCHIGKGDH_GDHIP^M^UﬂP^CH­¬d3USiF>P5F3UﬂGKJ5AKFXL7UﬂGKFXW1P;=
kcHIm5J5FXL+myHIJ1d3UcGDHIP^M^UﬂP^CHzHLKG+STW1F>P^L ¬cd3UNADQMVJ^CIGKFXW1P·M5Hed3UNG7UﬂF>d>dXHz#dXW1fUﬂdXHzM5HLGDHIAKSiF>PfUﬂJV¦/]-J;O ¬NdrO F>P-GDQI#A7U%Y
GKFXW1PM5Hzm5d>J^LHIP/m5d>J^LM5HBLDHIAK¡FXCHL myW1J5A J5P^HBG7UﬂF>d>dXHBFXM5HIP-GKFX]-J^H#=k`UﬂP^LCHNCW1P-GDH¦VGDH-d3U_ADQMVJ^CIGKFXW1PM5HzG7UﬂF>d>dXH
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Z\ADQ]-J^HIP^CHqJ5GKF>dXH²\Lµ= +O W1m5GKF>SiFXL7UﬂGKFXW1P§MVJ ADHIP^M5HISTHIP-GnHLKG/M5HqM5HIJV¦ G8 myHL 	J5P^HRW1m5GKF>SiFXL7UﬂGKFXW1P§LKJ5ATdXHL
myHIAKGDHLeF>P-GKAKF>P^LD]-J^HLNM5HcdrO UﬂP-GDHIP5P^HhHIGzJ5P^H_W1m5GKF>SiFXL7UﬂGKFXW1PRLKJ5AzdrO U1M^Uﬂm5G7UﬂGKFXW1PŁMO F>SimyQM^UﬂP^CHhM5HcdrO UﬂP-GDHIP5P^H#=
8P^LDQIADHIATJ5P^HZ[W1P^CIGKFXW1P M5H·^d>GKA7UﬂHnZ\ADQ]-J^HIP-GKFXHIdN¬¢J5P^HRUﬂP-GDHIP5P^HqADHI¡FXHIP-G·¬°W15GDHIP5F>ATJ5P^Hnm5J5FXLDL7UﬂP^CH
A7U W1P5P^QH_S/U%¦VF>S/UﬂdXHcmyW1J5AeJ5P^H`W1JqM5HLfUﬂP^M5H²\LµM5HNZ\ADQ]-J^HIP^CH`M5W1P5P^QH²\LµHIGeJ5P^Hcm5J5FXLDL7UﬂP^CHcA7U W1P5P^QH
ADQMVJ5F>GDHzmyW1J5A+dXHLUﬂJ5GKADHLZ\ADQ]-J^HIP^CHLﬀ= BP^HzM5HL+GDHCDE5P5FX]-J^HL myW#LDLKF>5dXHL+M5H^d>GKA7UﬂHBCW1P^LKFXLKGDHB¬cADQﬀUﬂd>FXLDHIA J5P^H
LKGKAKJ^CIGKJ5ADHcmyW1J5Ad3U1]-J^HId>dXHNdXHLmyHIAKGDHL¡#UﬂAKFXHIP-GeA7Uﬂm5FXM5HISTHIP-GNU¡HCcd3U`Z\ADQ]-J^HIP^CH#=5+O UﬂJ5GKADH`LDW1d>J5GKFXW1PnCW1P^LKFXLKGDH
¬hZrUﬂF>ADH`¡#UﬂAKFXHIAeZ\ADQ]-J^HIP-GKFXHId>dXHISTHIP-GNdrO U1M^Uﬂm5G7UﬂGKFXW1PŁM5H`drO UﬂP-GDHIP5P^H#=
ﬃ2W1J5AJ5P #A7UﬂP^M P^W1Sh5ADH¢MO UﬂP-GDHIP5P^HLnCId3U1LDLKFX]-J^HISTHIP-GJ5GKF>d>FXLDQHL+J5P ^d>GKA7UﬂHqZ\ADQ]-J^HIP-GKFXHIdcHLKG·M5QD¬





























GDW1J5A7UﬂP-GdXH²\LµyGKA7UﬂP^LKFXLKGDW1A%²\Lµ ²\CIF>ADCIJ5F>GDLMO U1M^Uﬂm5G7UﬂGKFXW1P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^d>GKADHLL7UﬂP^LmyHIAKGDHc¬³  s«²&ADQLDW1PfUﬂGDHIJ5ADLz¬hL7UﬂJ5GMO F>SimyQM^UﬂP^CH%µLDW1P-Gm5ADQLDHIP-GDQHLeLKJ5Ad3U`^#J5ADH<#= j#vV= ﬃ2W1J5A
J5P^HcS ISTHNZ\ADQ]-J^HIP^CH_CHIP-GKA7UﬂdXH_M5H_jTa3B¯`HIGeJ5P^HcS ISTHcfUﬂP^M5H`mfU1LDL7UﬂP-GDH`MO HIP-¡F>ADW1P d3UM5HIJV¦VFXISTH
Z\ADQ]-J^HIP^CH_M5HcADQLDW1PfUﬂP^CHhHLKGzMVF:9QIADHIP-GDH/²[p  /a3B¯_HIGzw  »ia3B¯ﬂµ=
jﬂw
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SIR 1 SIR 2
sBQImyW1P^LDHcd3UﬂAKH`fUﬂP^M5H sBQImyW1P^LDH`M^UﬂP^Led3UfUﬂP^M5H
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"U·^#J5ADHR<#= j#nm5ADQLDHIP-GDHTdXHTCIF>ADCIJ5F>G­QIGKJ^MVFXQ#= 8d+HLKGhCW1P^LKGKF>GKJ^Q/M5Hid3UnLDW1J5ADCH NxB³ŁJ5GKF>d>FXLDQHim5ADQCQY
M5HISiSTHIP-GfM5Hc^d>GKADHLN¬J5Pqmy®1dXH_HIGzMO J5P¢UﬂSim5d>F{fCﬀUﬂGDHIJ5ABP^W1PVYrd>F>P^QﬀUﬂF>ADH#=;Hc^d>GKADH_sBt©C®1GDQ_LDW1J5ADCHhHLKGeJ5P
^d>GKADH¬qJ5P¸ADQLDW1PfUﬂGDHIJ5ALKF>Sim5dXHM5W1P-G­d3URLKGKAKJ^CIGKJ5ADHHIGhd3UqADQImyW1P^LDHTZ\ADQ]-J^HIP-GKFXHId>dXHLDW1P-GM5W1P5P^QHLiLKJ5Ahd3U
^#J5ADHR<#= p#£V=2³VUZ\ADQ]-J^HIP^CHTCHIP-GKA7UﬂdXH·HLKGhM5Hq< #}Ra3B¯ ;L7UfUﬂP^M5HTmfU1LDL7UﬂP-GDHTM5H HIGhLDHLcZ\ADQ]-J^HIP^CHL
LDHCW1P^M^UﬂF>ADHLiLDW1P-GTLKF>GKJ^QHLi]-JfU1LKF>STHIP-GTUﬂJV¦¸EfUﬂAKSTW1P5FX]-J^HLTM5H·d3UqZ\ADQ]-J^HIP^CHCHIP-GKA7UﬂdXH²[p  #j°a3B¯ }  #p
a3B¯HIGh»  ﬂwŁa3B¯ﬂµ=y+O UﬂSim5d>F{fCﬀUﬂGDHIJ5AhHLKGcFXM5HIP-GKFX]-J^HT¬·CHId>J5FJ5GKF>d>FXLDQ­m5ADQCQM5HISiSTHIP-G2U¡HC­J5P°-UﬂF>P°M5H
j#£`M5 #J5P/myW1F>P-GM5HzCW1Sim5ADHLDLKFXW1P·M5HBp#£_M5S HIG+J5P/myW1F>P-G MO F>P-GDHIADCHIm5GKFXW1PnMO W1ADMVADHNp_M5Hew-}`M5Sq=ﬁﬃ2W1J5A
dXHT^d>GKADHHIP LDW1AKGKFXH·M5H·drO UﬂSim5d>F{fCﬀUﬂGDHIJ5A+M5HIJV¦¸CW1PV^#J5A7UﬂGKFXW1P^LTLDW1P-GiQIGKJ^MVFXQHLﬀ="URm5ADHISiFXIADHnCW1P^LKFXLKGDH¬
STHIGKGKADHhJ5PR^d>GKADH¬iADQLDW1PfUﬂGDHIJ5AcLKF>Sim5dXH²&FXM5HIP-GKFX]-J^Hi¬TCHId>J5FHIP¢HIP-GKADQH­M5HhdrO UﬂSim5d>F{fCﬀUﬂGDHIJ5Aµ="U/LDHCW1P^M5H
CW1P^LKFXLKGDHc¬_STHIGKGKADHcJ5P/^d>GKADH`¬³  s«²r³-GDHIm5myHM 8SimyHM^UﬂP^CHcsBHLDW1PfUﬂGDW1Aµ M5W1P-Gd3UhLKGKAKJ^CIGKJ5ADHcHIGd3U_ADQImyW1P^LDH
Z\ADQ]-J^HIP-GKFXHId>dXHhLDW1P-GzM5W1P5P^QHLN¬d3Uh^#J5ADHT<#= pV<#=³VU­Z\ADQ]-J^HIP^CH_CHIP-GKA7UﬂdXHhHLKGzM5Hi< #}/a3B¯ 5L7U­fUﬂP^M5H`mfU1L±Y
L7UﬂP-GDH·M5H S/UﬂFXL"CW1P-GKA7UﬂF>ADHISTHIP-G·UﬂJ ^d>GKADH·LKF>Sim5dXH"LDHL`Z\ADQ]-J^HIP^CHLLDHCW1P^M^UﬂF>ADHL­LDW1P-GM5QCﬀUﬂdXQHL­mfUﬂA
A7Uﬂm5myW1AKGNUﬂJV¦EfUﬂAKSTW1P5FX]-J^HLBM5H`d3UhZ\ADQ]-J^HIP^CH_CHIP-GKA7UﬂdXH·²&w  j#p/a3B¯ ^  »1p/a3B¯_HIGN ><ha3B¯ﬂµ=
j#
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?drO UﬂFXM5HhMVJRdXW1#FXCIFXHId?Nk_³ 5dXHLBLKF>ShJ5d3UﬂGKFXW1P^LcM5H_d3UiLKGKAKJ^CIGKJ5ADH­LKF>Sim5d>F{fQHhMO QISTHIGKGDHIJ5AcsBt U¡HC_^d>GKADH




< #j­¦qp }  »1/a3B¯HIG< #j­¦q} «  /a3B¯%µﬀ2J5P^H·MVF:9QIADHIP^CHnM5H/P5F>¡HﬀUﬂJ Uﬂm5mfUﬂA7U%gXGTHIP-GKADH·dXHLM5HIJV¦
LKmyHCIGKADHLﬀ=
k`UﬂP^L;dXH CﬀU1L"M5Hd3UzLKGKAKJ^CIGKJ5ADHU¡HC+dXH^d>GKADH¬ADQLDW1PfUﬂGDHIJ5ALKF>Sim5dXHdrO UﬂGKGDQIP-JfUﬂGKFXW1PTUﬂm5myW1AKGDQH¬B}  »1/a3B¯
mfUﬂA_dXH­^d>GKADHTHLKG_M5HY p  }nM5²\CZK=^#J5ADHR<#= p#£µ=2HIGKGDHZrUﬂF>5dXHi¡#UﬂdXHIJ5A_LﬀO H¦Vm5d>FX]-J^HimfUﬂA`dXHZrUﬂF>G_]-J^HdrO EfUﬂA±Y
STW1P5FX]-J^Hqp¢MVJ LKF>#PfUﬂdB¬°}  »1 a3B¯nLDH·GKADW1J5¡Hnm5ADWCDE^HnM5Hd3URZ\ADQ]-J^HIP^CHnM5H·ADQLDW1PfUﬂP^CHqMO W1ADMVADHqp¢MVJ
ADQLDW1PfUﬂGDHIJ5Ae¬T< #}/a3B¯N¦qp }  v#}/a3B¯=-k`UﬂP^L+dXHBCﬀU1LMVJT^d>GKADHN¬­³  s CHIGKGDHzZ\ADQ]-J^HIP^CHBM5HzADQLDW1PfUﬂP^CH
MO W1ADMVADHRp¢HLKGTM5QCﬀUﬂdXQHqHIGidrO UﬂGKGDQIP-JfUﬂGKFXW1P Uﬂm5myW1AKGDQHnmfUﬂAidXH·^d>GKADHR¬°}  »1a3B¯nHLKG/UﬂdXW1ADLTM5H·Y7<ﬀ  p°M5
²\CZK=f^#J5ADH<#= pV<%µ="HIGKGDHMVF:9QIADHIP^CHiMO HIP-¡F>ADW1P <ﬀp·M5LDHhADHIGKADW1J5¡HiLKJ5AcdXH­P5F>¡HﬀUﬂJ°M5HL`QISiFXLDLKFXW1P^LNmfUﬂA7U%Y
LKF>GDHL`UﬂJ5GDW1J5A_M5HT}  »1na3B¯=1ﬃ2W1J5A`dXHL_UﬂJ5GKADHL`ADHISTW1P-GDQHL]-J5FCW1AKADHLKmyW1P^M5HIP-G­¬/J5P^H­m5J5FXLDL7UﬂP^CHSTW1F>P^L
F>SimyW1AKG7UﬂP-GDH^dXHLzM5HIJV¦^d>GKADHLzLDW1P-GN¬­myHIJqm5ADLzQ]-J5F>¡#UﬂdXHIP-GDLﬀ=
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Hm5ADHISiFXHIA2CDEfUﬂm5F>GKADHUmyHIAKSiFXL"M5H+M5Q^P5F>A;dXHAD®1dXH+MO J5P^H CDEfU%gXP^H+A7U1MVFXWﬂY[Z\ADQ]-J^HIP^CHﬂU¡HC+dXHL;MVF:9QIADHIP-GDHL






LDW1d>J5GKFXW1P^L_W1P-GhQIGDQTMVFXLDCIJ5GDQHL 	ydrO J5GKF>d>FXL7UﬂGKFXW1PM5HiCW1SimyW#L7UﬂP-GDL_ShJ5d>GKF{Y[Z[W1P^CIGKFXW1P^L­HIG`drO J5GKF>d>FXL7UﬂGKFXW1P¸M5HiCW1SY
myW#L7UﬂP-GDLiShJ5d>GKF{Y8LKG7UﬂP^M^UﬂADM5Lﬀ=++O J5GKF>d>FXL7UﬂGKFXW1PM5HCW1SimyW#L7UﬂP-GDLTShJ5d>GKF{Y[Z[W1P^CIGKFXW1P^LTmyHIAKSTHIGTM5HnCW1P^CHI¡W1F>A/M5HL
LKGKAKJ^CIGKJ5ADHLB¬_Z[W1P^CIGKFXW1P5PfUﬂd>F>GDQLeADQImfUﬂAKGKFXHL5C#O HLKG±Y ¬%Y8MVF>ADH`]-J;O J5P^HNZ[W1P^CIGKFXW1PqHLKGADQﬀUﬂd>FXLDQHcmfUﬂAm5d>J^LKFXHIJ5ADLzCW1SY
myW#L7UﬂP-GDLBLKJ5Aed3UCDEfU%gXP^HhsBt=
³-F+drO W1P m5ADHIP^M°dXHTCﬀU1L_MVJ°^d>GKA7UﬂH;M5HIJV¦ CW1SimyW#L7UﬂP-GDLhLDW1P-GhLKmyQCIF3UﬂdXHISTHIP-G­M5QMVFXQL­¬nCHIGKGDHZ[W1P^CIGKFXW1P
LKJ5ANJ5P^H­CDEfU%gXP^HisBt 	fdXH_^d>GKADHhmfU1LDLDHYrfUﬂP^M5HsBt HIGNdXH­MVJ5m5dXH¦5HIJ5Aﬀ= BAyCW1SiSTHW1PŁdrO UT¡JfdrO UﬂSim5d>F{fCﬀU%Y









Fonction f i l trage
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k`UﬂP^LhCHIGKGDH/mfUﬂAKGKFXH;J5P^H/M5HLDCIAKF>m5GKFXW1P©M5HL_m5AKF>P^CIF>mfUﬂJV¦m5E^QIP^W1STIP^HLiU1LDLDWCIFXQLhUﬂJ ^d>GKA7UﬂH·M^UﬂP^L_dXHL
LKGKAKJ^CIGKJ5ADHL`sBt myHIAKSTHIGcMO QIG7Uﬂ5d>F>A`J5P^HMVFXLKGKF>P^CIGKFXW1P HIP-GKADHh^d>GKA7UﬂHADQCIJ5ADLKF{ZHIGN^d>GKA7UﬂH­GKA7UﬂP^LK¡HIADLDHiUﬂF>P^LKF
]-J^H_^d>GKA7UﬂHTU1CIGKF{ZHIGN^d>GKA7UﬂHmfU1LDLKF{ZK= ﬃ2W1J5A_CDEfU1]-J^H­G8 myHM5Hh^d>GKA7UﬂHydXHLNm5AKF>P^CIF>mfUﬂdXHL_CﬀUﬂA7U1CIGDQIAKFXLKGKFX]-J^HL
LDW1P-GBM5QIG7UﬂF>d>dXQHLBHIGz]-J^HIdX]-J^HLBH¦5HISim5dXHLzM5H`m5AKF>P^CIF>myH_M5HN^d>GKADHLBsBt©LDW1P-GBM5W1P5P^QLﬀ=






HIGﬂ= ﬃ2W1J5A J5P/]-JfU1MVAKF>my®1dXHzCW1SiSTHzCHId>J5FM5Hd3UN^#J5ADHBjV=><#d3Ucm5J5FXLDL7UﬂP^CHeF>P^CIFXM5HIP-GDHzP^W1AKS/Uﬂd>FXLDQHN¬cdrO HIP-GKADQH






















































































































































jV= j ·xŁWM5QId>FXL7UﬂGKFXW1PRLDW1J^LZ[W1AKSTH_M5H`LDCDE^QIS/Ui5dXWC`MO J5PR]-JfU1MVAKF>my®1dXH
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fUﬂP^M5H_HLKGeF>PVZ[QIAKFXHIJ5ADHh¬   =





































d3U`^#J5ADHcjV= }V="U_ADHId3UﬂGKFXW1P ²[jV=><ﬀ£µ+M5W1P5P^HBdrO H¦Vm5ADHLDLKFXW1PMVJ/^d>GKA7UﬂHNGKA7UﬂP^LK¡HIADLDHN]-J5FLDHzSTHIGLDW1J^L d3U`Z[W1AKSTH























































?z^PM5H M5QCIAKF>ADH dXHCW1SimyW1AKGDHISTHIP-GMO J5P­ADQLDW1PfUﬂGDHIJ5AMO J5P^H S/UﬂP5FXIADHLKF>Sim5dXHﬂW1P­CW1P^LKFXM5IADHdXH+STWM5IdXH




















jV=  ·xŁWM5IdXH_MO J5PqADQLDW1PfUﬂGDHIJ5ABCW1J5m5dXQh¬iM5HIJV¦qU1CCL















































  ﬂﬁ V=
?z^PqMO F>d>d>J^LKGKADHIABCH`m5E^QIP^W1STIP^H_M5HcADQLDW1PfUﬂP^CH_HIGBM5H ±J^LKGKF{fHIAzCHIGKGDH`d>F>SiF>GDH_LKJ5AdXH`STWMVJ5dXH`MVJnmy®1dXH
J5PiA7UﬂFXLDW1P5P^HISTHIP-GLKJ5AdXHL+W1P^M5HL+HIPTHIP-GKADQHzHIG+HIPiLDW1AKGKFXHeM5Hd3UNd>F>#P^HeM5HGKA7UﬂP^LKSiFXLDLKFXW1PimyHIJ5G IGKADHSTHIP^Q#=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Uﬂd>dXHIA±YrADHIGDW1J5A;dXHL`W1P^M5HL_P;O Uﬂm5myW1AKGDHIP-Gh]-J^HmyHIJ M5HiCW1P-GKAKF>5J5GKFXW1P©UﬂJ°^d>GKA7UﬂHR²&J5P CﬀUﬂdXCIJ5d H¦^U1CIG`STW1P-GKADH






− α |Sb11| a1
−α a1
α2 |Sb11| a1
α2 |Sb11| |Sa22| a1 −α3 |Sb11| |Sa22| a1




α4 |Sb11|2 |Sa22|2 a1 −α5 |Sb11|2 |Sa22|2 a1
−α5 |Sb11|3 |Sa22|2 a1α6 |Sb11|3 |Sa22|2 a1
































































































































Zéro       
transverse 
Pôle     
récursif 



























/CIFXHIP-GDLqHIPADQfH¦VFXW1P HIG   myW1J5AdXHLCWH
/CIFXHIP-GDLnHIP§GKA7UﬂP^LKSiFXLDLKFXW1P;=zHCIFcmyHIAKSTHIGM5H¢MVF>ADH
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?Bm5ADLzJ5P^H`m5ADHISiFXIADHhCId3U1LDLKF{fCﬀUﬂGKFXW1PŁM5HL^d>GKA7UﬂHLNMVFXLKGKF>P5#JfUﬂP-GBdXHLzm5E^QIP^W1STIP^HLBADQCIJ5ADLKF{Z[LzHIGzGKA7UﬂP^L±Y
¡HIADLDHLVF>d"HLKGeF>P-GDQIADHLDL7UﬂP-GNMO QIGKJ^MVFXHIABdXHLzMVF:9QIADHIP^CHLBHIP-GKADH`dXHL^d>GKA7UﬂHLBM5H`G8 myH_U1CIGKF{Z+W1JnmfU1LDLKF{ZK=




























P-J5dXLﬀ=?Bm5ADL/J5P^H¢UﬂPfUﬂd> VLDHqA7Uﬂm5FXM5HW1P ADHIS/UﬂAD]-J^HRd3U m5ADQLDHIP^CHŁMO J5P^HRyW1J^CIdXHLK P^W1P- STHŁM5Hn^d>GKA7UﬂH


























































































































































































































































































k`UﬂP^Ld3U_m5d>J5mfUﬂAKGzM5HLm5J55d>FXCﬀUﬂGKFXW1P^LeGKA7UﬂF>G7UﬂP-GzMVJnLKJ KHIGc¨ j#pVpV<y<Iw 5j#} Vj#<ﬀpﬂª -J5P·^d>GKADHNGKA7UﬂP^LK¡HIADLDH
HLKGNJ5PŁ^d>GKADH]-J5FP^H­myW#LDLDM5H­]-J^H­M5HLN¯ﬀQIADW#LyC#O HLKG±Y ¬%Y8MVF>ADHi]-J5F2P;O U·]-J^HM5HLB^d>GKA7UﬂHLcGKA7UﬂP^LK¡HIADLDHLﬀ=1ﬃUﬂA
CW1P-GKADH5J5P^d>GKADHcADQCIJ5ADLKF{ZHLKGJ5P^d>GKADH`]-J5FymyW#LDLDM5HcM5HLmy®1dXHLeS/UﬂFXLmyHIJ5GBUﬂJ^LDLKF;U¡W1F>AzM5HLe¯ﬀQIADW#Lﬀ=5k`UﬂP^L
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 M MNL OQU `U'TFXZY f;a 	pWZY[TVU
0a
;HLTLK P-GKE^LDHLTM5H·^d>GKADHL/CId3U1LDLKFX]-J^HL2P^W1G7UﬂSiSTHIP-G/J5GKF>d>FXLDQHLTHIP fU1LDLDH/Z\ADQ]-J^HIP^CHmyHIAKSTHIGKGDHIP-G/M5H
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F>P-GDQIADHLDL7UﬂP-GzGDHId>dXH`]-J;O HId>dXH`HLKGeM5Q^P5FXHcm5ADQCQM5HISiSTHIP-Gﬀ=PnH 9HIG5LKFydrO W1Pnm5ADHIP^MdXHL-UﬂfUﬂAKF>GDLzM5Hcd3U_^#J5ADH















































































































































































































jV= j#p qa`UﬂfUﬂAKF>GBMO J5Pn^d>GKADH`mfU1LDLDHYrfUﬂP^M5H`QIP^QIA7Uﬂd>FXLDQhU¡HC_myHIAKGDHL
P­m5ADQLDHIP^CHM5H myHIAKGDHL%CHIGKGDH ADHId3UﬂGKFXW1PP;O HLKG"m5d>J^L2¡#Uﬂd3Uﬂ5dXH HIG2d3U^#J5ADHejV= j#pBM5W1P5P^H d3UeADHIm5ADQLDHIP-G7UﬂGKFXW1P
MVJi-UﬂfUﬂAKF>G MO J5P^d>GKADHz¬NmyHIAKGDHL+U¡HCeJ5P^HADQImyW1P^LDHeM5H^d>GKADHADQImyW1P^M^UﬂP-GUﬂJi-UﬂfUﬂAKF>Gﬀ="UNfUﬂP^M5HemfU1LDL7UﬂP-GDH
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 Z[W1P^CIGKFXW1P^LhMVF>GDHL/¹myW1d> P^W1SiF3UﬂdXHL%¹T]-J5F LDHm5ADQLDHIP-GDHIP-GLDW1J^L`d3U/Z[W1AKSTHTMO J5PmyW1d> P^®1STHR²3Z[W1P^CIGKFXW1P^L
M5H`J5GKGDHIA ﬂW1AKGKE "CDE^QI- VCDE^H 9 HLDLDHId;W1JR;HIHIP^MVADH#=>=>= µ
 Z[W1P^CIGKFXW1P^LB]-J5F2LDH`m5ADQLDHIP-GDHIP-GcLDW1J^Lzd3UZ[W1AKSTHhMO J5P^H`Z\A7U1CIGKFXW1PRA7UﬂGKFXW1P5P^HId>dXH²3Z[W1P^CIGKFXW1P^LNHId>d>F>m5GKFX]-J^HL 	

W1dXW1G7UﬂADH 9 UﬂJ^HIAﬀ=>=>= µ=
;HLZ[W1P^CIGKFXW1P^L HId>d>F>m5GKFX]-J^HL+myHIAKSTHIGKGDHIP-GMO W15GDHIP5F>AM5HL+¯ﬀQIADW#L+M5HeGKA7UﬂP^LKSiFXLDLKFXW1P/M^UﬂP^L+d3UcADQImyW1P^LDHzMVJ^d>GKADH#=




















J5GKGDHIA ﬂW1AKGKE "CDE^HI- VCDE^H 9 HLDLDHId UﬂJ^HIA
BADMVADH QIdXHI¡Q ZrUﬂF>5dXH STWﬀ HIP GKADLZrUﬂF>5dXH
BP^MVJ5d3UﬂGKFXW1P P^W1P W1J5F P^W1P W1J5F
"HISim^LBM5H`m5ADW1mfUﬂ-UﬂGKFXW1PŁM5Hc#ADW1J5myH STWﬀ HIP S/UﬂJ5¡#UﬂFXL yW1P S/UﬂJ5¡#UﬂFXL















k`UﬂP^L"d3Uzm5A7UﬂGKFX]-J^HﬂdXHL"-UﬂfUﬂAKF>GDLM5HL"^d>GKADHL2mfU1LDLDHYrfUﬂP^M5H P^HLDW1P-G2mfU1LLK STQIGKAKFX]-J^HLﬀ= 8d-P;O HLKGM5W1P^C mfU1L
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jV= jﬂw  8P^LDHIAKGKFXW1PRMO J5Pq¯ﬀQIADWTM5HcGKA7UﬂP^LKSiFXLDLKFXW1PRLKJ5AeJ5Pn^d>GKADH_LK STQIGKAKFX]-J^H
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w-}
      A!7*2S)B3*8 $'@p+.)BA!7*2?2S1$1*7 ,+S$'- 1*7 	 B-
k`UﬂP^LCHIGKGDH·mfUﬂAKGKFXH2J5P^HQIGKJ^M5HMO J5P^d>GKADHn¬qJ5P©ADQLDW1PfUﬂGDHIJ5AiCW1J5m5dXQ·myHIAKSTHIGiM5H·CW1Sim5ADHIP^MVADHdXHL
F>P^J^HIP^CHLMVJ ZrU1CIGDHIJ5A­M5H/]-JfUﬂd>F>GDQ/MVJADQLDW1PfUﬂGDHIJ5AHIG­M5HL­CW1J5m5d3UﬂHL­LKJ5AhdXHLhmyHIAKGDHLhMO F>P^LDHIAKGKFXW1P©HIGhd3U
LDQIdXHCIGKF>¡F>GDQzMVJi^d>GKADH#=-+O U KW1J5GMO J5P/CW1J5m5d3UﬂHBGKA7UﬂP^LK¡HIADLDHemyHIAKSTHIG HIP^LKJ5F>GDHBMO QIGKJ^MVFXHIA drO F>P^J^HIP^CHNMVJT¯ﬀQIADW
F>P-GKADWMVJ5F>Gﬀ="PV^P"CHIGKGDHTQIGKJ^M5H/LKF>Sim5d>F{fQH/M5QIyW1J^CDE^H/LKJ5AhM5HL`ADQfH¦VFXW1P^LhMO W1ADMVADHTm5d>J^L_QIP^QIA7UﬂdLKJ5A`dXHL
CﬀUﬂA7U1CIGDQIAKFXLKGKFX]-J^HLN¬m5ADHIP^MVADH_HIPRCW1Sim5GDH`dXW1ADLzM5H`d3UCW1P^CHIm5GKFXW1PŁMO J5Pn^d>GKADH#=
 M  MNL  l/f;PSWNXN\ U.YVX6lmR%f!h ^`R TVPS\ lmR;U.Y[aS^;T

























;HLM5HIJV¦G8 myHLM5HADQLDW1PfUﬂGDHIJ5ADL+LDW1P-G+M5W1P5P^QL ¬Bd3UB^#J5ADHzjV= j#}V=#+O HIP^LDHISh5dXHzM5HL¡#UﬂdXHIJ5ADLM5HL+CW1SimyWﬂY
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Q]-J5F>¡#UﬂdXHIP-GRHLKGJ5P ADQLDW1PfUﬂGDHIJ5AnmfUﬂA7Uﬂd>dXIdXH ]-J^HŁdrO W1P¶M5QIGDHIAKSiF>P^H HIP¶CﬀUﬂdXCIJ5d3UﬂP-GqdrO U1MVSiF>GKG7UﬂP^CH°A7UﬂSTHIP^QH
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 M  M  XNWZY[TVa
	 ^`R mW6a
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
CW1SimyW#L7UﬂP-GDLNHIPŁUﬂSTW1P-Gﬀ=f"UTCW1P^MVF>GKFXW1PŁMO U1M^Uﬂm5GKFXW1P¢MO F>SimyQM^UﬂP^CHhHLKGBM5W1P^C`F>P^MVFXLKmyHIP^L7Uﬂ5dXHhHIGzd3UfUﬂP^M5H
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jV= p#£  ﬃ2HIAKGDHLNMO F>P^LDHIAKGKFXW1PRHIPnZ[W1P^CIGKFXW1PRMVJRCW1J5m5d3UﬂH_HIGBMVJZrU1CIGDHIJ5ABM5H_]-JfUﬂd>F>GDQ



















? drO UﬂFXM5HeM5HL+M5HIJV¦GKA7U1CQL M5HL^#J5ADHL jV= j#`HIG jV= p#£ 1F>d^HLKGmyW#LDLKF>5dXHeM5HeM5QIGDHIAKSiF>P^HIA dXHLmyHIA±Z[W1AKS/UﬂP^CHL
MVJR^d>GKADHHIPRZ[W1P^CIGKFXW1P¢MVJŁZrU1CIGDHIJ5AcM5H­]-JfUﬂd>F>GDQMVJŁADQLDW1PfUﬂGDHIJ5Aﬀ=y?BF>P^LKF fd3Ui^#J5ADHijV= pV<­M5W1P5P^H­J5P^HhADHIm5ADQY
LDHIP-G7UﬂGKFXW1P°#A7Uﬂm5E5FX]-J^HmyHIAKSTHIGKG7UﬂP-GhMO U¡W1F>A`d3U/¡#UﬂdXHIJ5A`MVJ¢ZrU1CIGDHIJ5A`M5H]-JfUﬂd>F>GDQiHIPŁZ[W1P^CIGKFXW1P°M5H­d3U/fUﬂP^M5H
mfU1LDL7UﬂP-GDHNHIGM5HL myHIAKGDHLMO F>P^LDHIAKGKFXW1PnMVJT^d>GKADH`¬`J5P·ADQLDW1PfUﬂGDHIJ5Aﬀ= ﬃUﬂAeH¦5HISim5dXH-myW1J5AJ5PT^d>GKADHcM5HzfUﬂP^M5H
mfU1LDL7UﬂP-GDH	 


































jV= pV< tfU1CIGDHIJ5ABM5H_]-JfUﬂd>F>GDQ_HIPZ[W1P^CIGKFXW1PRM5H`d3U­fUﬂP^M5H_mfU1LDL7UﬂP-GDH_HIGzM5HLemyHIAKGDHLBMO F>P^LDHIAKGKFXW1P
 M  M   XNWZY[TVa 	 ^`R mW6a a Y ^`R
 
P>TVl `U'TQb lm^ DW6U
0a Y[TVUﬂR`\ma>TF\ a


















































































































































































































































8d^P;O HLKG m5d>J^L+myW#LDLKF>5dXHzM5HeADHIm5ADQLDHIP-GDHIA#A7Uﬂm5E5FX]-J^HISTHIP-Gd3Uc¡#UﬂAKF3UﬂGKFXW1PMO J5P^HBCﬀUﬂA7U1CIGDQIAKFXLKGKFX]-J^HBMVJT^d>GKADH
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jV= pﬂw  8P^J^HIP^CHhM5HLzCW1J5m5d3UﬂHLBLKJ5Aed3UfUﬂP^M5H`mfU1LDL7UﬂP-GDH/²\HIP TµMVJ^d>GKADH
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myHIAKGDHLeMO F>P^LDHIAKGKFXW1P;=5+O F>P^LDHIAKGKFXW1PqMO J5P¯ﬀQIADW­myHIAKSTHIG5HIPm5d>J^LVMO U¡W1F>AeJ5P^HcCﬀUﬂA7U1CIGDQIAKFXLKGKFX]-J^H`M5HNADQKHCIGKFXW1P





































= "U ^#J5ADH¢jV= p#vM5W1P5P^HŁdXHL/ADQLKJ5d>G7UﬂGDLW15GDHIP-J^LmyW1J5A
MVF:9QIADHIP-GDLeZrU1CIGDHIJ5ADLBM5H`]-JfUﬂd>F>GDQ_MVJqADQLDW1PfUﬂGDHIJ5Aﬀ=











"UN^#J5ADHBjV= p#NmyHIAKSTHIG M5HeCW1SimfUﬂADHIAM5HL^d>GKADHL M5HfUﬂP^M5HemfU1LDL7UﬂP-GDHzHIG+M5HemyHIAKGDHL+MO F>P^LDHIAKGKFXW1P·¬NmyHIJ




 M  M   XNWZY[TVa 	 ^`R mW6a a Y ^`R
 
P>TVl `U'TQ\ YV^ 
;Hi^d>GKADH·QIGKJ^MVFXQ·HLKGhCHId>J5FM5HTd3U^#J5ADH·jV= w-£V=2"UqLDHIJ5dXH/MVF:9QIADHIP^CHU¡HC/dXHi^d>GKADH·L7UﬂP^L_¯ﬀQIADWRHLKGhd3U
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jV= p#v ¢¡W1d>J5GKFXW1P©M5HL_myHIAKGDHLhMO F>P^LDHIAKGKFXW1P¸HIP Z[W1P^CIGKFXW1P¸M5Hid3UmyW#LKF>GKFXW1P¸MVJ ¯ﬀQIADWRHIGhM5Hid3UnfUﬂP^M5H
mfU1LDL7UﬂP-GDH



















jV= p# ·sBQImyW1P^LDHNZ\ADQ]-J^HIP-GKFXHId>dXHhM5HN^d>GKADHLN¬­J5Pqmy®1dXH`HIPqm5ADQLDHIP^CH_W1JqP^W1PqMO J5Pq¯ﬀQIADW
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  /W1J  -µ=


















































LﬀO QCﬀUﬂAKGDHM5H·d3UqZ\ADQ]-J^HIP^CHM5H·ADQLDW1PfUﬂP^CH#= BP©myHIJ5GW1^LDHIAK¡HIAid3URd>F>SiF>GDHLKJ5A­d3URmyW#LKF>GKFXW1P MVJ©¯ﬀQIADW]-J5F
M5QImyHIP^M°MVJ¢ZrU1CIGDHIJ5A_M5Hi]-JfUﬂd>F>GDQiHIG_MVJ CW1J5m5d3UﬂH#=;kcH­m5d>J^L]-J^HIdXL`]-J^HiLDW1FXHIP-G`dXH­ZrU1CIGDHIJ5A_M5Hi]-JfUﬂd>F>GDQiHIG
dXHhCW1J5m5d3UﬂHfF>d"LDHISh5dXH­]-J;O F>d; qUﬂF>GBJ5P^H_d>F>SiF>GDH­Uﬂ^LDW1d>J^HhmyW1J5Azd3U1]-J^HId>dXH_dXHLNCW1P^MVF>GKFXW1P^LNMO U1M^Uﬂm5G7UﬂGKFXW1P¢P^H
LDW1P-G DUﬂS/UﬂFXLe¡QIAKF{fQHLﬀ=HIGKGDH`d>F>SiF>GDH_HLKGBLKF>GKJ^QH_UﬂJV¦qUﬂdXHIP-GDW1J5ADLNM5H    M5Hcd3U­Z\ADQ]-J^HIP^CH`M5H`ADQLDW1PfUﬂP^CH#=



















































































































































































































jV= w-j 8P^J^HIP^CH_M5HLzCW1J5m5d3UﬂHLBLKJ5Azd3U­fUﬂP^M5H`mfU1LDL7UﬂP-GDH/²\HIP TµMVJn^d>GKADH
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W1SiSTHNmyW1J5AdrO QIGKJ^M5HcM5HBdrO F>P^J^HIP^CH`MVJ·¯ﬀQIADW­GKA7UﬂP^LK¡HIADLDH-dXHBGKA7U1CQcM5HLmyHIAKGDHLMO F>P^LDHIAKGKFXW1PnHIP/Z[W1P^CY






drO HIP^LDHISh5dXHhM5HLzmyHIA±Z[W1AKS/UﬂP^CHLBMVJn^d>GKADH#=f"U­^#J5ADHhjV= w#w/myHIAKSTHIGNUﬂF>P^LKF"M5H`ADHImyQIADHIAzdXHLed>F>SiF>GDHLNM5H`drO J5GKF{Y
d>FXL7UﬂGKFXW1PqMO J5PqLKGKJ5nmyW1J5ABUﬂSTHIP^HIAzJ5Pn¯ﬀQIADWm5ADWCDE^H_M5Hcd3UhfUﬂP^M5H#=^PqH 9HIGVS ISTHhU¡HC_M5HLZrU1CIGDHIJ5ADLzM5H
]-JfUﬂd>F>GDQF>SimyW1AKG7UﬂP-GDL·²  






























































































































































	   -drO Uﬂm5m5d>FXCﬀUﬂGKFXW1P·P-J5STQIAKFX]-J^HcM5W1P5P^H 	
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S11 sans stub 
S11 avec stub 
S21 sans stub 
S21 avec stub 
nporq 
jV= w-} sBQImyW1P^LDHZ\ADQ]-J^HIP-GKFXHId>dXHNM5HBM5HIJV¦^d>GKADHL¬`J5PTmy®1dXHBHIP/m5ADQLDHIP^CHBW1J/P^W1P/MO J5P·¯ﬀQIADW_mfUﬂA LKGKJ5
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V<
 M  M  OQPSR;P>TVUﬂWNXN\ U.YVX6lmR%\K^;TQf;aS\ 	pWZY[TVaS\ f!hil0TFf;TVa  ^;aSWNb lmR  ^;a










































jV= w-q AKF>GDIADHLBM5HcmyHIA±Z[W1AKS/UﬂP^CHLBMO J5Pn^d>GKADH








ﬃ2W1J5AM5HL^d>GKADHL MO W1ADMVADHBm5d>J^L QIdXHI¡QdXHeP^W1Sh5ADHNM5HBM5HI#ADQL M5Hzd>F>yHIAKGDQBHLKG#d3¬%Y UﬂJ^LDLKF #m5d>J^L F>SimyW1AKG7UﬂP-G
HIG"dXH+CDE^W1F{¦­MO J5P^H+fUﬂP^M5H mfU1LDL7UﬂP-GDH+P;O HLKG"mfU1L"LKJ
/L7UﬂP-G2myW1J5A2CW1P5PfU%gXGKADH d3UeLKGKAKJ^CIGKJ5ADHMVJ_^d>GKADH#= 8dHLKG2UﬂF>P^LKF
myW#LDLKF>5dXH`MO U¡W1F>ANM5HL^d>GKADHLBM5HcS ISTH`fUﬂP^M5H`mfU1LDL7UﬂP-GDH_S/UﬂFXLzM5HcmyHIAKGDHLBHIGzM5H`ADQKHCIGKFXW1P^LBMVF:9QIADHIP-GDHLﬀ=
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−40 −30 −20 −10 0
Réjection pour f=[f
c























Ordre 1 sans zéro
Ordre 1 avec zéro
Ordre 2 sans zéro
Ordre 3 sans zéro
nporq 
jV= w»nW1SimfUﬂA7UﬂFXLDW1PŁM5H_]-J^HIdX]-J^HL^d>GKADHL














  °HIG  















J5P^H`UﬂJ5#STHIP-G7UﬂGKFXW1PRM5HLmyHIAKGDHLeMO F>P^LDHIAKGKFXW1P;= BPmyHIJ5GMO UﬂF>d>dXHIJ5ADLeADHIS/UﬂAD]-J^HIAe]-J^H5Uﬂm5m5ADW¦VF>S/UﬂGKF>¡HISTHIP-G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LDHIJ5d+dXH^d>GKADH/MO W1ADMVADH·pqHLKG_FXCIF HIP-¡FXL7UﬂHﬀUﬂ5dXH#=HImyHIP^M^UﬂP-G"drO F>P^LDHIAKGKFXW1P¸MO J5P¯ﬀQIADWRLKJ5A_J5PW1ADMVADH/M5HIJV¦
myHIAKSTHIGKGKA7UﬂF>GeL7UﬂP^LM5W1J5GDHeMO U¡W1F>AqM5HLADQKHCIGKFXW1P^LnQ]-J5F>¡#UﬂdXHIP-GDHLGDW1J5GRU -UﬂP-GqM5HL·myHIAKGDHLnMO F>P^LDHIAKGKFXW1P
ADQMVJ5F>GDHLﬀ=




























drO W1ADMVADHiMVJ¢^d>GKADHiM5QImyHIP^M UﬂdXW1ADL_M5Hd3U/fUﬂP^M5HmfU1LDL7UﬂP-GDHTLDW1J5EfUﬂF>GDQHM5HL`myHIAKGDHL`MO F>P^LDHIAKGKFXW1P S/U%¦VF>S/UﬂdXHL
HIGNMVJqZrU1CIGDHIJ5ANM5Hh]-JfUﬂd>F>GDQhM5HLBADQLDW1PfUﬂGDHIJ5ADLﬀ= ﬃd>J^LBd3UifUﬂP^M5H_mfU1LDL7UﬂP-GDH­HLKGzF>SimyW1AKG7UﬂP-GDHHIGBdXH`ZrU1CIGDHIJ5ANM5H




LKGKAKJ^CIGKJ5ADHL­U¡HCTm5d>J^LKFXHIJ5ADL_ADQLDW1PfUﬂGDHIJ5ADL;F>d HLKG_myW#LDLKF>5dXHiMO F>P^LDQIADHIAhm5d>J^LKFXHIJ5ADL_¯ﬀQIADW#LhHIGhM5W1P^C/MO W15GDHIP5F>A
m5d>J^LKFXHIJ5ADLzfUﬂP^M5HLzM5H`ADQKHCIGKFXW1PRW1JRM5HLefUﬂP^M5HLBM5HcADQKHCIGKFXW1Pqm5d>J^Lzd3UﬂAKHLﬀ=
"UhCIADQﬀUﬂGKFXW1PnMO J5P·¯ﬀQIADWhmyHIJ5G IGKADHBADQﬀUﬂd>FXLDQHBmfUﬂACW1J5m5d3UﬂHNGKA7UﬂP^LK¡HIADLDHNW1J·mfUﬂALKGKJ5;=k`UﬂP^L dXHBm5ADHISiFXHIA
CﬀU1Ld3U`ADQKHCIGKFXW1PHLKG M5QIGDQIAKFXW1ADQHcHIP·M5HIE^W1ADLM5HL fUﬂP^M5HLmfU1LDL7UﬂP-GDHBHIGADHKHIGDQHzS/UﬂFXL d3UcZ\ADQ]-J^HIP^CHBMVJ·¯ﬀQIADW
myHIJ5G IGKADHNUﬂSTHIP^QHBGKADL+m5ADWCDE^HBM5Hzd3UcfUﬂP^M5HB]-J^HId>dXHB]-J^HzLDW1F>G d3UcGDHCDE5P^W1dXW1#FXHcHIP-¡FXL7UﬂQH#=-k`UﬂP^L+dXHBLDHCW1P^M
CﬀU1LfdXHhLKGKJ5ŁP^HhSTWMVF{fH­]-JfU1LKF>STHIP-GcmfU1LBd3UTADQImyW1P^LDH­HIP¢M5HIE^W1ADLcM5HLNfUﬂP^M5HLNmfU1LDL7UﬂP-GDH­HIGNADHKHIGDQHhS/UﬂFXL
d3UmyW#LKF>GKFXW1P¸MVJ ¯ﬀQIADWRHLKG_d>F>SiF>GDQHTmfUﬂAhd3U¡#UﬂdXHIJ5A­MVJ mfUﬂA7UﬂSTIGKADH·M5HimyHIP-GDH/MVJ¸LKGKJ5 d>FXQ/UﬂJ¸CDE^W1F{¦M5Hid3U
GDHCDE5P^W1dXW1#FXH#=
k`UﬂP^L`GDW1J^L`dXHL_CﬀU1Lym5d>J^L`dXH­ZrU1CIGDHIJ5AhM5Hi]-JfUﬂd>F>GDQTHLKG_QIdXHI¡Qm5d>J^L`dXHLcmyHIAKGDHL_MO F>P^LDHIAKGKFXW1P¸MVF>SiF>P-J^HIP-G








    	 	
? -UﬂP-GNm5JfLKJ5ABCHIGKGDHhH¦5HISim5dXHhLKF>Sim5dXHhMVJn^d>GKADH¬J5PRADQLDW1PfUﬂGDHIJ5AfH¦Vm5d>FX]-J^HIABdXHLBMVF:9QIADHIP-GDLBm5E^QIP^WﬂY
STIP^HL]-J^HdrO W1P/myHIJ5G W1^LDHIAK¡HIAM^UﬂP^L+J5P^HBCDEfU%gXP^HBM5HeGKA7UﬂP^LKSiFXLDLKFXW1P¬cm5ADW1myW#L M5Hed3UNZ[W1P^CIGKFXW1P·M5H^d>GKA7UﬂH
F>dP^W1J^LADHLKGDHc¬_A7Uﬂm5myHIdXHIAeHIP]-J^HIdX]-J^HLSTW1GDLdXHL GDHCDE5P^W1dXW1#FXHLzM5Hz^d>GKA7UﬂHcM5QI¡HIdXW1m5myQHLmyW1J5Ad3UhCW1P^CHImVY
GKFXW1PqM5HcCDEfU%gXP^HLzM5HcGKA7UﬂP^LKSiFXLDLKFXW1Pq¬CﬀUﬂA7U1CIGDQIAKFXLKGKFX]-J^HLeS/U%gXGKAKFXLDQHLﬀ=fHIGeQIG7UﬂGzM5HNdrO UﬂAKGeA7Uﬂm5FXM5HNZrUﬂF>GdrO W1 KHIG
M5H`d3U­mfUﬂAKGKFXH_LKJ5F>¡#UﬂP-GDH#=









 M ;MNL  XNWZY[TVaS\ 	 lmR`f;aS\]Uﬂb lm^`\ YVX  ^;aS\]f;a\K^;T,Uﬂb a
	 6L 
BP^HNW1P^M5H`U1CW1J^LKGKFX]-J^HcM5HcLKJ5A±ZrU1CH²K¹ﬀ³-J5A±ZrU1CH`?eCW1J^LKGKFXCN´U¡H¹cW1Jq³?"´¶µ HLKGJ5P^HcW1P^M5H`U1CW1J^LKGKFX]-J^H
LDHTm5ADW1mfUﬂHﬀUﬂP-GT¬nd3UqLKJ5A±ZrU1CH/MO J5P¸LKJ5^LKGKA7UﬂGQId3U1LKGKFX]-J^H#=""Uq¡F>GDHLDLDHTM5HTm5ADW1mfUﬂ-UﬂGKFXW1P MO J5P^H/GDHId>dXH·W1P^M5H
M5QImyHIP^MRMVJŁLKJ5^LKGKA7UﬂGBS/UﬂFXLBHLKGBADHId3UﬂGKF>¡HISTHIP-Gcm5ADWCDE^HhM5H_d3Ui¡F>GDHLDLDH_MVJŁLDW1PRM^UﬂP^LBdXH_LKJ5^LKGKA7UﬂGfLDW1F>GBJ5P^H





Z[W1FXL F>PVZ[QIAKFXHIJ5ADH`¬hCHId>dXHNMO J5P^HcW1P^M5HNQIdXHCIGKADW1S/Uﬂ#P^QIGKFX]-J^H5myHIAKSTHIGMO U¡W1F>AeM5HLdXW1P5#J^HIJ5ADL
MO W1P^M5H GKADL2CW1J5AKGDHL¬zM5HL"Z\ADQ]-J^HIP^CHL"SiFXCIADWﬂY8W1P^M5HL 	ﬂ¬ 
 
 ﬀd3UedXW1P5#J^HIJ5AMO W1P^M5HQIdXHCIGKADW1S/Uﬂ#P^QIGKFX]-J^H
M^UﬂP^LedXHc¡FXM5H`HLKGzQI-UﬂdXHh¬   ¤UﬂdXW1ADLz]-J^Hcd3UdXW1P5#J^HIJ5ABMO W1P^M5HhU1CW1J^LKGKFX]-J^H_LKJ5AeJ5Pq]-JfUﬂAKGK¯hHLKGeQI-UﬂdXHh¬
 ﬁ    =fW1SiSTHhW1PqdrO U¡JVJ5Pqm5E^QIP^W1STIP^H­M5HN^d>GKA7UﬂH_ADQCIJ5ADLKF{Z+W1JqGKA7UﬂP^LK¡HIADLDH`P;O HLKGBCIADQQ_M^UﬂP^LzJ5P^H
LKGKAKJ^CIGKJ5ADH`]-J^HcLﬀO F>dH¦VFXLKGDHcM5HLzCDE^HISiF>P^LzM5Hcm5ADW1mfUﬂ-UﬂGKFXW1PRM5HNdrO W1ADMVADH_UﬂJnSiF>P5F>ShJ5SM5Hcd3U­M5HISiF{YrdXW1P5#J^HIJ5A
















 ﬁ     =
nporq 














drO F>P-GDHIAKSTQMVF3UﬂF>ADHnMO J5PS/UﬂGDQIAKF3UﬂJ¸m5FXQI¯ﬀWQIdXHCIGKAKFX]-J^H#="U^#J5ADHjV= w-RUµcSTW1P-GKADH·dXHTm5AKF>P^CIF>myH/MO J5P¸GKA7UﬂP^L±Y














































ADQfH¦VFXW1P F>SimyW1AKG7UﬂP-GDHF>dBHLKGTP^QCHLDL7UﬂF>ADHRM5HRCIADQHIA/J5P ADQLDHﬀUﬂJMO QIdXHCIGKADWM5HL/GDHIdN]-J^Hnd3U¢ADQfH¦VFXW1P§LKJ5A











































²3^#J5ADHjV= }V<%µ=ﬂd>dXH HLKG2CW1P^LKGKF>GKJ^QHM5HM5HIJV¦_GKA7UﬂP^LDMVJ^CIGDHIJ5ADLﬀ=ﬂk`UﬂP^L"dXH CﬀU1L2M5H+GKA7UﬂP^LDMVJ^CIGDHIJ5ADL k LKF>Sim5dXHL
J5P^H+mfUﬂAKGKFXH M5HdrO W1P^M5HU1CW1J^LKGKFX]-J^H HLKG;myHIADMVJ^H+M^UﬂP^L"dXHL2Uﬂ^LDW1AKyHIJ5ADL%CH+]-J5FUﬂSTIP^HM5HL;myHIAKGDHL"MO F>P^LDHIAKGKFXW1P
QIdXHI¡QHLﬀ=8ﬃ2W1J5ANADHISTQMVFXHIA_¬iCH_m5ADW15dXISTHyM5HLe^d>GKADHLBGKA7UﬂP^LK¡HIADLDHLc¬·³%ﬃ Nk  LDW1P-GBJ5GKF>d>FXLDQLﬀ=f"UiADQImyW1P^LDH
M5HiGDHIdXL`^d>GKADHL­HLKGhLDHISh5d3Uﬂ5dXH¬nCHId>dXHL­M5H^d>GKADHLhGKA7UﬂP^LK¡HIADL7UﬂJV¦ HIPm5ADHIPfUﬂP-GHIPCW1Sim5GDHTd3UqLDQIdXHCIGKF>¡F>GDQ


















jV= }V< ·t2F>d>GKADHLc³?"´ M5HcG8 myH`GKA7UﬂP^LK¡HIADL7Uﬂd













W1J5m5dXHMsBHLDW1PfUﬂGDW1AµﬀﬂdXHL"^d>GKADHL+¬zADQLDW1PfUﬂGDHIJ5ADLCW1J5m5dXQLGKA7UﬂP^LK¡HIADL7UﬂdXHISTHIP-GN² Bs 	 ;A7UﬂP^LK¡HIADL7Uﬂd>d> TW1JVY
















;HL^#J5ADHLŁjV= }#j HIGŁjV= }#p M5W1P5P^HIP-GRdXHLnADQImyW1P^LDHLZ\ADQ]-J^HIP-GKFXHId>dXHLRM5H ]-J^HIdX]-J^HL^d>GKADHL¢³?"´= BP
ADHIS/UﬂAD]-J^HRdrO Uﬂ^LDHIP^CHŁM5HRADHISTW1P-GDQHLnLKmyHCIGKA7UﬂdXHL/E^W1ADL/fUﬂP^M5HM §UﬂJV¦ ShJ5d>GKF>m5dXHLADQfH¦VFXW1P^LM^UﬂP^L/dXHL
ADQLDHﬀUﬂJV¦F>P-GDHIADMVF>#F>GDQLN]-J5F;P^H`LﬀO U1M5MVF>GKFXW1P5P^HIP-GNmfU1LzM5HcZrUKJW1PqCW1E^QIADHIP-GDH#=














 #d3UNdXW1P5#J^HIJ5AMO W1P^M5HBM5HedrO W1P^M5HNU1CW1J^LKGKFX]-J^HzM5HzLKJ5A±ZrU1CHzHLKG+M5HedrO W1ADMVADHBMVJ   =#;HL M5W1F>#GDL
M5HLBADQfHCIGDHIJ5ADLcHIGcM5HLBGKA7UﬂP^LDMVJ^CIGDHIJ5ADLcM5HIS/UﬂP^M5HIP-G_UﬂdXW1ADLcM5HLBm5ADQCIFXLKFXW1P^LNM5HhADQﬀUﬂd>FXL7UﬂGKFXW1PŁF>PVZ[QIAKFXHIJ5ADHL`UﬂJ










    	 	
nporq 

























GKFX]-J^HL LKJ5AdXHL M5W1F>#GDL M5QIGDQIAKFXW1ADHIP-GA7Uﬂm5FXM5HISTHIP-GdXHL^d>GKADHL³?"´=kcHL+LDW1d>J5GKFXW1P^L#fU1LDQHL LKJ5A+d3U`CW1SimyW#LKF{Y
GKFXW1PSTQIG7Uﬂd>d>FX]-J^HeM5HCHLM5W1F>#GDLmyW1J5AdXHLADHIP^MVADHm5d>J^LQId3U1LKGKFX]-J^HLﬂmyHIAKSTHIGKGDHIP-GdXHGKA7UﬂP^L±Z[HIAKGM5Hm5J5FXLDL7UﬂP^CHL







t5ADH]-J^HIP^CH ﬃ2HIAKGDHL eUﬂP^M5H sBQKHCIGKFXW1P
+ myH x¢UﬂGDQIAKF3UﬂJ CHIP-GKA7UﬂdXH MO F>P^LDHIAKGKFXW1P mfU1LDL7UﬂP-GDH E^W1ADL±YrfUﬂP^M5H BP^MVJ5d3UﬂGKFXW1P
²\x3B¯ﬂµ ²\M5zµ
;A7UﬂP^LK¡HIADL7Uﬂd ]-J^HIdXCW1P^]-J^H  

    

















































jV= piW1SimfUﬂA7UﬂFXLDW1P·M5HL^d>GKADHL ¬BZ[W1P^CIGKFXW1P^L MO Uﬂm5m5ADW¦VF>S/UﬂGKFXW1P·CId3U1LDLKFX]-J^HLmyW1J5AJ5Pi-UﬂfUﬂAKF>G M5W1P5P^Q
BPhADHIS/UﬂAD]-J^H ]-J^HdXHL^d>GKADHL"GKA7UﬂP^LK¡HIADL7UﬂJV¦ %LDHIJ5dXL;CﬀUﬂmfUﬂ5dXHLMO U¡W1F>A2M5HL;fUﬂP^M5HL"mfU1LDL7UﬂP-GDHL"d3UﬂAKHL² 
 TµﬀﬀW1P-G2M5HL"myHIAKGDHL"MO F>P^LDHIAKGKFXW1P­F>SimyW1AKG7UﬂP-GDHLﬀ=ﬂ?"¡HC+drO J5GKF>d>FXL7UﬂGKFXW1PM5H³%ﬃ Nk  ﬂCHL;myHIAKGDHL"LDW1P-G2ADQMVJ5F>GDHL
S/UﬂFXLid3URfUﬂP^M5HnmfU1LDL7UﬂP-GDHnHLKG/UﬂdXW1ADLid>F>SiF>GDQH#=+;HL­^d>GKADHL/¬ŁADQLDW1PfUﬂGDHIJ5ADL Bs W1P-G/M5H·ZrUﬂF>5dXHLmyHIAKGDHL
J5P^HTfUﬂP^M5H/mfU1LDL7UﬂP-GDH/ADQMVJ5F>GDH·HIGhJ5P^H/d>F>SiF>G7UﬂGKFXW1P©HIP Z\ADQ]-J^HIP^CH·]-J5F P^HTmyHIAKSTHIG­mfU1LhMO HIP-¡FXL7UﬂHIAdXHIJ5A
J5GKF>d>FXL7UﬂGKFXW1P°HIPRA7U1MVFXWﬂY[Z\ADQ]-J^HIP^CH#=;HLz^d>GKADHL`¬TADQLDW1PfUﬂGDHIJ5ADLc2s«LDW1P-GNm5d>J^L`U1M^Uﬂm5GDQL`UﬂJV¦qSiFXCIADWW1P^M5HL
U¡HC°M5HLfUﬂP^M5HLnmfU1LDL7UﬂP-GDHLqLKJ
/L7UﬂP-GDHLnmyW1J5Ad3U¸m5d>J5mfUﬂAKGqM5HLqUﬂm5m5d>FXCﬀUﬂGKFXW1P^L   ~HIGnM5HLmyHIAKGDHL






 M ;M  XNWZY[TVaS\ 	 lmR`f;aS\]Uﬂb lm^`\ YVX  ^;aS\]f;a mlmWN^`j a   
	







































































LDW1P-G dXHL^d>GKADHL HIP/QCDE^HId>dXHdXHL^d>GKADHL HIPTGKADHIF>d>d>FXL HIG+dXHL^d>GKADHL
¬­ADQLDW1PfUﬂGDHIJ5ADLzCW1J5m5dXQLﬀ=5;HLm5AKF>P^CIF>myHLzM5H`CW1P^LKGKAKJ^CIGKFXW1PRM5HcCHL^d>GKADHLeLDW1P-GzM5W1P5P^QLemfUﬂAed3Uh^#J5ADH_jV= }#}V=
;HLcADQLDW1PfUﬂGDHIJ5ADLcJ5GKF>d>FXLDQL`M^UﬂP^LcdXHLcCW1PV^#J5A7UﬂGKFXW1P^L_HIP°QCDE^HId>dXHiHIG`HIP¢GKADHIF>d>d>FXL`LDW1P-G`LDW1F>GcM5HL`t?Ns«LDW1F>G
M5HLN³xŁsh=V"ULKGKAKJ^CIGKJ5ADH`M5HN^d>GKADH_¬t?Ns CW1J5m5dXQLeP;O HLKGemfU1LADHIm5ADQLDHIP-GDQH_FXCIFr=5"Uh^#J5ADH_jV= }#­STW1P-GKADH
J5PŁH¦5HISim5dXH­M5HhLKGKAKJ^CIGKJ5ADH­M5H`^d>GKADH­HIPRGKADHIF>d>d>FXLcHIGBJ5P^H_ADQﬀUﬂd>FXL7UﬂGKFXW1P¢M5H_^d>GKADH­¬iADQLDW1PfUﬂGDHIJ5ADLcCW1J5m5dXQLcHLKG
M5W1P5P^QH_LKJ5Azd3Uh^#J5ADHhjV= }»=
Fi l tre en échel le Fi l tre en Trei l l i s





























1.4 x 2 mm²
nporq 
jV= }»ﬃE^W1GDW1#A7Uﬂm5E5FXHLcMO J5Pq^d>GKADH­¬ADQLDW1PfUﬂGDHIJ5ADL`³xŁsCW1J5m5dXQLeZ[W1P^CIGKFXW1P5PfUﬂP-G`¬  ﬁ 
 
Ł² 8PV5Y
P^HW1PµHIG+MO J5P^d>GKADHzHIPTQCDE^HId>dXHN¬`NADQLDW1PfUﬂGDHIJ5ADLZ[W1P^CIGKFXW1P5PfUﬂP-G¬  
 

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nporq 
jV= }#v ·sBQImyW1P^LDH`HIPnZ\ADQ]-J^HIP^CH_MVJ^d>GKADH 8PV^P^HW1P B´ `<ﬀ#£iM5HLKGKF>P^QhUﬂJ ﬃe³
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jV= }# t2F>d>GKADH_¬ADHLDW1PfUﬂGDHIJ5ADL­¹E5F>#EVY±º¹/²\ﬃ `³5µ























M5HLTQI¡FXM5HISTHIP-GDLŁ²\CI d>F>P^MVAKFX]-J^HLTW1J mfUﬂA7Uﬂd>dXQIdXQIm5F>myMVFX]-J^HLµiCW1SiSTHndXHSTW1P-GKADHnd3UR^#J5ADHqjV= }# ¨ j#v e<ﬀv%ª8=
ﬃd>J^LKFXHIJ5ADLiGDHCDE5P5FX]-J^HL/M5H·ADQﬀUﬂd>FXL7UﬂGKFXW1P H¦VFXLKGDHIP-G 	LDW1F>GdXH·^d>GKADHnHLKGJ^LKF>P^QmfUﬂAd3U1LDHIATM^UﬂP^LJ5P 5dXWCM5H
MVFXQIdXHCIGKAKFX]-J^H^LDW1F>GedXHN^d>GKADH`HLKGeADQﬀUﬂd>FXLDQcmfUﬂAeSiFXLDH`LDW1J^Lm5ADHLDLKFXW1PqMO J5P^HcmyW1J^MVADH`M5H`MVFXQIdXHCIGKAKFX]-J^H_M^UﬂP^LeJ5P
STW1J5dXH#=+O HIP^LDHISh5dXH/M5H­d3U·LKGKAKJ^CIGKJ5ADHTHLKGcADHCW1J5¡HIAKGDHTMO J5P^HSTQIG7Uﬂd>d>FXL7UﬂGKFXW1P ]-J5FmyHIAKSTHIG`MO W15GDHIP5F>A_m5d>JVY
LKFXHIJ5ADLeADQLDW1PfUﬂGDHIJ5ADLBM5HcG8 myHcGKAKF>m5d3U1]-J^H#=W1SiSTH`dXHcSTW1P-GKADH`d3Uh^#J5ADHhjV= #£ f¬­drO J5P^H`M5HLzH¦VGKADQISiF>GDQLBM5HL
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QIdXHCIGKADW1S/Uﬂ#P^QIGKFX]-J^HLeM^UﬂP^L d3UhLKGKAKJ^CIGKJ5ADHBHIGMO W15GDHIP5F>AM5HL ADQLDW1PfUﬂGDHIJ5ADLe¬cZrU1CIGDHIJ5AM5HN]-JfUﬂd>F>GDQBQIdXHI¡Q#=5HCIF
myHIAKSTHIG`M5H­ADQMVJ5F>ADH­dXHLcmyHIAKGDHLcMO F>P^LDHIAKGKFXW1P MVJŁ^d>GKADHHIGcM5H­ADQﬀUﬂd>FXLDHIA`M5HLN^d>GKADHL`¬/fUﬂP^M5H­mfU1LDL7UﬂP-GDHGKADL
ZrUﬂF>5dXH#=1ﬃUﬂA_H¦5HISim5dXHyd3U·LDWCIFXQIGDQ­ShJ^sNUﬂG7U·CW1SiSTHIADCIF3Uﬂd>FXLDHiJ5PŁ^d>GKADH­myW1J5Ahaﬃ³ŁM5HhZ\ADQ]-J^HIP^CHCHIP-GKA7UﬂdXH






n²\LDW1F>GJ5P^HNfUﬂP^M5HNmfU1LDL7UﬂP-GDHNADHId3UﬂGKF>¡HcM5H ﬂﬁ   
HIGBM5HLemyHIAKGDHLzMO F>P^LDHIAKGKFXW1PŁM5H  ﬁ 

=










jV= #£ t2F>d>GKADHh¬­ADQLDW1PfUﬂGDHIJ5A­¹E5F>#EVY±º¹/²&ShJ^sNUﬂG7Uµ 	VQW1STQIGKAKFXHhHIGzCDEfUﬂSimŁQIdXHCIGKAKFX]-J^H
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´§;? c}a M5HZ\ADQ]-J^HIP^CHqCHIP-GKA7UﬂdXH   
 










 M ;M   XNWZY[TVaS\ aSR%Y[aSbFc`R;lmW6l mX6a DW6U  ^;P>a
k`UﬂP^L_CHIGKGDHimfUﬂAKGKFXHM5HP^W1Sh5ADHIJV¦ G8 myHL`M5H­^d>GKADHLhHIG_M5HGDHCDE5P^W1dXW1#FXHL_myHIJ5¡HIP-G IGKADHTCIF>GDQLﬀ= NW1J^L
P^W1J^L"d>F>SiF>GDHIADW1P^L+¬zM5HIJV¦ 	ﬀdXHL;^d>GKADHL¬eADQLDW1PfUﬂGDHIJ5ADL2SiFXCIADW1AKJ5fUﬂPiHIG2dXHL;^d>GKADHL2 Be²\;W ﬂ "HISimyHIA7UﬂGKJ5ADH
WﬂY[^ADHM¢HIA7UﬂSiFXC%µ=

















;HL^d>GKADHL ¬NADQLDW1PfUﬂGDHIJ5ADL+SiFXCIADW1AKJ5fUﬂP^L P^HeLDW1P-G+mfU1L U1CIGKJ^HId>dXHISTHIP-GCW1SiSTHIADCIF3Uﬂd>FXLDQL+myW1J5A M5HL Uﬂm5m5d>F{Y
CﬀUﬂGKFXW1P^L M5HeGDQIdXQCW1SiShJ5P5FXCﬀUﬂGKFXW1PSTW15F>dXH#=-kcHL+GKA7U¡#UﬂJV¦TM5HeADHCDE^HIADCDE^HNW1P-GCHImyHIP^M^UﬂP-G STW1P-GKADQzd3UcmyW#LDLKF>5F{Y
d>F>GDQzMO W15GDHIP5F>AM5HLmyHIA±Z[W1AKS/UﬂP^CHLHIG M5HL+MVF>STHIP^LKFXW1P^L]-JfU1LKF>STHIP-GQ]-J5F>¡#UﬂdXHIP-GDHLUﬂJV¦­^d>GKADHL MVFXQIdXHCIGKAKFX]-J^HL
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  




Uﬂd>J5SiF>P^Hc¬NZ[W1AKGDHemyHIAKSiF>GKGKF>¡F>GDQ#= BA#dXHL LKJ5^LKGKA7UﬂGDLCId3U1LDLKFX]-J^HISTHIP-G J5GKF>d>FXLDQL M^UﬂP^L dXHL CﬀUﬂAKGDHL QIdXHCIGKADW1P5FX]-J^HL





U1CIGKJ^HId>dXHLLDW1P-GeM5HLLKJ5^LKGKA7UﬂGDL ZrUﬂF>5dXHNCW5GCW1SiSTHBdrO HImyW¦V /tszw U¡HCcM5HLmyHIAKSiF>GKGKF>¡F>GDQLSTW1F>P^LQIdXHI¡QHL












































;HL^d>GKADHLADQﬀUﬂd>FXLDQLzU¡HCcM5HLGDHCDE5P^W1dXW1#FXHLeShJ5d>GKF{Y8CW1J^CDE^HLBM5HNG8 myHN Be²\;W ﬂ "HISimyHIA7UﬂGKJ5ADH­WﬂY
^ADHM¸HIA7UﬂSiFXC%µ`LDW1P-GhHIP mfUﬂAKGKFXCIJ5d>FXHIAhJ5GKF>d>FXLDQL_myW1J5A`d3UnCW1P^CHIm5GKFXW1P¸M5HiSTWMVJ5dXHL_F>P-GDQI#ADQL"CW1Sim5ADHIPfUﬂP-G
HIPRLKJ5A±ZrU1CHhM5HLBQIdXQISTHIP-GDL`x°³ ²\L ﬂeF>GDCDE^LUﬂSim5d>F{fCﬀUﬂGDHIJ5ADLMVFXWM5HLﬀ=>=>= µeHIGBHIPR¡W1d>J5STHhM5HLBQIdXQISTHIP-GDLcyY±
myW1J5A dXHL+^d>GKADHLdXHLMVJ5m5dXH¦5HIJ5ADL-dXHLU1M^Uﬂm5G7UﬂGKFXW1P^LMO F>SimyQM^UﬂP^CHcHIG dXHL d>F>#P^HLM5HBGKA7UﬂP^LKSiFXLDLKFXW1PŁ¨ p#£p#j%ª8=









H¦5HISim5dXHzM5HzLKGKAKJ^CIGKJ5ADHz Be ¨ p#j%ªHLKG+M5W1P5P^QzLKJ5Ad3UN^#J5ADHBjV= #}V=;HL+MVF>STHIP^LKFXW1P^LMVJ^d>GKADHBUﬂF>P^LKF^ADQﬀUﬂd>FXLDQ
LDW1P-G 	 ﬁ   

ﬁ   

















Fi l tre SAW
Fi l tre Passe−bas


















jV= ﬂw ·¦5HISim5dXH_M5H`STWMVJ5dXH_ Be²\ﬃ `³5µJ5GKF>d>FXLDQ_M^UﬂP^LedXH NWF3U/»1jV<ﬀ£



















myW#L7UﬂP-G_dXHL`m5ADHISiFXHIADLhm5AKF>P^CIF>myHLhMVJ¢^d>GKA7UﬂHTADQImfUﬂAKGKF ;P^W1J^L`myW#LDW1P^L`mfUﬂA_d3UnLKJ5F>GDHidrO E- myW1GKE^LDHT]-J;O F>d HLKG
myW#LDLKF>5dXHnM5H·ADQImfUﬂAKGKF>ATdXHLTMVF:9QIADHIP-GDLi^d>GKA7UﬂHLTMO J5P^HnCDEfU%gXP^HRsBtM5H/ZrUKJW1P ¬ŁADQImyW1P^MVADHR¬RJ5P -UﬂfUﬂAKF>G
Z\ADQ]-J^HIP-GKFXHId #dXW1fUﬂdM5W1P5P^Q#=2"UnLKJ5F>GDH/M5HidrO QIGKJ^M5HTmyW1AKGDH·UﬂdXW1ADLhLKJ5A_drO F>P^LDHIAKGKFXW1P¸M5HZ[W1P^CIGKFXW1P^L­M5H^d>GKA7UﬂH
M^UﬂP^LzdXHLzQIdXQISTHIP-GDLBM5H`d3UCDEfU%gXP^HhsBt^U¡HC`d3UiCW1P^CHIm5GKFXW1PŁM5H`]-J^HIdX]-J^HLzLKGKAKJ^CIGKJ5ADHLe^d>GKA7UﬂP-GDHLﬀ=
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" ¸ﬁﬀ 
W1SiSTHcP^W1J^LedrO U¡W1P^LeSiFXLeHIPqQI¡FXM5HIP^CH`M^UﬂP^Ld3U­mfUﬂAKGKFXHi<#= j Vd3UhADQImfUﬂAKGKF>GKFXW1PRM5HN^d>GKA7UﬂH_¬­MVF:9QIADHIP-GDL
P5F>¡HﬀUﬂJV¦M5HRdrO QISTHIGKGDHIJ5AnsBt«myHIAKSTHIGMO W15GDHIP5F>AqM5HL/myHIA±Z[W1AKS/UﬂP^CHL/Z\ADQ]-J^HIP-GKFXHId>dXHLm5d>J^L·F>SimyW1AKG7UﬂP-GDHL
MVJ myW1F>P-G·M5Hq¡J^HqM5Hqd3U°CDEfU%gXP^HŁMO QISiFXLDLKFXW1P #dXW1fUﬂdXH#=FXHIP HIP-GDHIP^MVJ dXHL·UﬂJ5GKADHL/myHIA±Z[W1AKS/UﬂP^CHL/d>FXQHL
¬RdrO UﬂSim5d>F{fCﬀUﬂGKFXW1PHIGTUﬂJ©A7U W1P5P^HISTHIP-G·M5W1F>¡HIP-G·UﬂJ^LDLKFADHLKGDHIATW1m5GKF>S/UﬂdXHLﬀ= ﬃ2W1J5AiSTHIGKGKADHqHIP WHIJ5¡ADHCH










k`UﬂP^L CHIGKGDHBW1m5GKFX]-J^HP^W1J^L m5ADQLDHIP-GDW1P^LM^UﬂP^L CHBM5HIAKP5FXHIACDEfUﬂm5F>GKADHNM5HLLDW1d>J5GKFXW1P^L M5HBMVFXLKmyW#LKF>GKF{Z[LF>P-GDQY
#A7UﬂP-GBJ5P^H`Z[W1P^CIGKFXW1PŁM5Hc^d>GKA7UﬂH­U¡HChJ5P^HhUﬂPfUﬂd> VLDH_M5HLzmyW#LDLKF>5F>d>F>GDQLBW 9HIAKGDHLBmfUﬂABCDEfU1CIJ5P¢MO HIJV¦=^?BF>P^LKF 
J5PRMVF>¡FXLDHIJ5ABM5Hcm5J5FXLDL7UﬂP^CHc^d>GKA7UﬂP-GfJ5PŁUﬂSim5d>F{fCﬀUﬂGDHIJ5ANM5H`m5J5FXLDL7UﬂP^CHc^d>GKA7UﬂP-GNHIGBM5HIJV¦qMVFXLKmyW#LKF>GKF{Z[LzMO UﬂPVY
GDHIP5P^HLB^d>GKA7UﬂP-GDHL`LDW1P-GNm5ADQLDHIP-GDQHLﬀ=yk`UﬂP^LNdrO HLKm5AKF>GcM5Hhd3UTGKE^LDHfP^W1J^LNADHCDE^HIADCDE^W1P^L`m5d>J^LNd3Ui¡QIAKF{fCﬀUﬂGKFXW1P
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kO J5PTmyW1F>P-G M5H¡J^HBUﬂADCDE5F>GDHCIGKJ5ADHdXHL+LKGKAKJ^CIGKJ5ADHL+mfUﬂA7Uﬂd>dXIdXHL-CW1SiSTHedXHL+LKGKAKJ^CIGKJ5ADHL+ShJ5d>GKF{Y UﬂP-GDHIP5P^HL
M5HiG8 myHTx x  ;LDW1P-GhM5Him5d>J^LhHIP m5d>J^L_J5GKF>d>FXLDQHL_myW1J5A­UﬂJ5#STHIP-GDHIA­d3Un]-JfUﬂd>F>GDQTM5HL_GKA7UﬂP^LKSiFXLDLKFXW1P^L;HIP







) )B2S-/1$3*- 1*)B2S2S@!7*&=- ,+S$'@!7 +
"UMVF>¡FXLKFXW1P ﬂCW1Sh5F>PfUﬂFXLDW1PM5Hm5J5FXLDL7UﬂP^CHHLKGcJ5GKF>d>FXLDQHiM^UﬂP^L`CHIAKG7UﬂF>P^HL_LKGKAKJ^CIGKJ5ADHL_sBt CW1SiSTHymfUﬂA




;HŁMVF>¡FXLDHIJ5A·M5Hqm5J5FXLDL7UﬂP^CHqdXHqm5d>J^L/J5GKF>d>FXLDQŁHLKG/CHId>J5FcM5Hq´F>d F>P^LDW1P¨ }V<ª8= "ULKGKAKJ^CIGKJ5ADHŁMO J5P GDHId
MVF>¡FXLDHIJ5AcHLKGBm5ADQLDHIP-GDQHLKJ5ABd3Ui^#J5ADHpV=><#=d>dXH­HLKGNCW1P^LKGKF>GKJ^QH­M5H­M5HIJV¦qd>F>#P^HLc]-JfUﬂAKGcMO W1P^M5H­HIGcMO J5P^H
ADQLKFXLKG7UﬂP^CH MO Q]-J5F>d>F>5A7UﬂH#=ﬂ;H+m5AKF>P^CIF>myHHLKG"MO U1M^Uﬂm5GDHIA2dXHL"LDW1AKGKFXHL¬drO HIP-GKADQH mfUﬂA2M5HL"d>F>#P^HL2]-JfUﬂAKG"MO W1P^M5H#=
?BF>P^LKF ^myW1J5ANJ5PŁMVF>¡FXLDHIJ5A<_¡HIADL`j ^drO F>SimyQM^UﬂP^CHM5H  HIP¢LDW1AKGKFXH­HLKGBGKA7UﬂP^L±Z[W1AKSTQH­HIP mfUﬂAcCHL

















TµMO HIP-¡F>ADW1P    =;HL ADQImyW1P^LDHL+Z\ADQ]-J^HIP-GKFXHId>dXHLMO J5P^HBGDHId>dXH
























pV=>< n³-GKAKJ^CIGKJ5ADHhMO J5PRMVF>¡FXLDHIJ5ABM5Hcm5J5FXLDL7UﬂP^CH_M5Hc´F>d F>P^LDW1P<c¡HIADLBj
k`UﬂP^L drO HLKm5AKF>GM5HBCHIGKGDHzGKE^LDHP^W1J^LU¡W1P^LCDE^HIADCDE^Q`¬`J5GKF>d>FXLDHIAdXHBMVF>¡FXLDHIJ5AM5Hzm5J5FXLDL7UﬂP^CHBCW1SiSTHNQIdXQY
STHIP-GM5H^d>GKA7UﬂHBCW1Sim5dXQISTHIP-G7UﬂF>ADH#=ﬃ2W1J5ACHId3U J5PT^d>GKA7UﬂHBLDQIdXHCIGKF{Z;HLKG+P^QCHLDL7UﬂF>ADHBHIG+P^W1J^LU¡W1P^LCDE^W1FXLKF
  *	   % 	  %    
       
vV<




















M5HL2Z[W1P^CIGKFXW1P^LMVF>¡FXLKFXW1PiM5Hm5J5FXLDL7UﬂP^CHHIG2^d>GKA7UﬂHmyHIAKSTHIGM5HCW1P^CId>J5ADHeLKJ5AdrO F>P-GDQIA IG+MO J5PiGDHId5CW1SimyW#L7UﬂP-Gﬀ=




CIJ5d>FXHIAe¬_M5HL ¡#UﬂdXHIJ5ADL P^W1P/ShJ5d>GKF>m5dXHLﬀ= 8dLDHeGKADW1J5¡HN]-J^Hzd3U_m5AKF>P^CIF>mfUﬂdXHBm5ADW1m5AKFXQIGDQcM5HL ADQLDW1PfUﬂGDHIJ5ADL¬_L7UﬂJ5GDL
























;HL2^d>GKADHL+¬`³= = sh=1W1P-G+QIGDQF>P-GKADWMVJ5F>GDLmfUﬂA+x¢U F>STW1GDWcHIGUﬂS/U1LKE5F>G7UcHIPq<ﬀ#v#£­¨ w»%ª8=1kcHP^W1Sh5ADHIJ^LDHL
































 	    	  	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   %     
       
θ2 , Z2 θ3 , Z3
θ1 , Z1







































































"UR^#J5ADHqpV= w¢m5ADQLDHIP-GDHGKADW1FXLiG8 myHLM5HR³= = sh=2]-JfU1LKF{Y8LK STQIGKAKFX]-J^HLiHIP©GDHCDE5P^W1dXW1#FXHqSiFXCIADW1AKJ5fUﬂP 	
dXHq³= = sh=2CId3U1LDLKFX]-J^H2dXHq³= = s ¬RM5HISiFeADHIm5d>FXQHIGdXHq³= = sh="ADHIm5d>FXQ#=+HLiMVF:9QIADHIP-GDLiADQLDW1PfUﬂGDHIJ5ADLiW1P-GidXHL








S.I.R. à demi repl ié
S.I.R. repl ié
nporq 





















MO W1ADMVADH<#=-"U`^#J5ADHcpV= }_STW1P-GKADHc]-J^HIdX]-J^HL+^d>GKADHLJ5GKF>d>FXL7UﬂP-GJ5P·ADQLDW1PfUﬂGDHIJ5Az³= = sh=>=%ﬃ2W1J5AdrO HIP^LDHISh5dXHcM5H
  *	   % 	  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pV= } ·¦5HISim5dXHLBM5Hc^d>GKADHh¬­ADQLDW1PfUﬂGDHIJ5Ac³= = sh=5HIPqGDHCDE5P^W1dXW1#FXH_SiFXCIADW1AKJ5fUﬂP
a) b)
nporq 
pV=  ·kNF:9QIADHIP-GDLNCW1J5m5d3UﬂHLBM5HL^d>GKADHLN¬T³= = sh=5CId3U1LDLKFX]-J^H^¬iM5HISiF;ADHIm5d>FXQ_HIGeADHIm5d>FXQ
ﬃUﬂAdXHCﬀUﬂdXCIJ5d ﬂmyW1J5AW15GDHIP5F>AJ5PiCWH
/CIFXHIP-G+M5H ADQfH¦VFXW1PP-J5d5M^UﬂP^L2dXHCﬀU1LMO J5P­^d>GKADH¬BJ5P­ADQLDW1PfUﬂGDHIJ5A




UﬂJV¦nZ\ADQ]-J^HIP^CHLNMO J5GKF>d>FXL7UﬂGKFXW1P;=yPŁADI#dXH_QIP^QIA7UﬂdXHd3UidXW1P5#J^HIJ5A`MVJŁCW1J5m5d3UﬂHipV= /UµeHLKGNM5HhdrO W1ADMVADH­MVJ
M5W1J55dXH_M5H`d3U­dXW1P5#J^HIJ5ANMVJqCW1J5m5d3UﬂH­pV= µ=
PRm5d>J^LBM5HLzm5ADW1m5AKFXQIGDQLNM5H`GKA7UﬂP^L±Z[HIAKGBM5H_m5J5FXLDL7UﬂP^CH5dXHhCW1J5m5d3UﬂH­pV= µeHLKGBQ]-J5F>¡#UﬂdXHIP-Gc¬J5PRLKGKJ5
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dXHhSTW1P-GKADH­d3Ui^#J5ADHpV= V=+O J5GKF>d>FXL7UﬂGKFXW1P°M5HhGDHIdXLNADQLDW1PfUﬂGDHIJ5ADLNmyHIAKSTHIGcMO F>P^LDQIADHIAcJ5PŁ¯ﬀQIADW]-J^H_drO W1PŁmyHIJ5G
m5d3U1CHIANHIP-GKADHhdXHLBM5HIJV¦nZ\ADQ]-J^HIP^CHLBM5H`Z[W1P^CIGKFXW1P5P^HISTHIP-G`MVJŁMVF>¡FXLDHIJ5Aﬀ=^;HhCW1J5m5d3UﬂH­M5H_GKADW1FXLBLDW1AKGKFXHLNLKJ5A







pV=  n³-GKAKJ^CIGKJ5ADHhMO J5PRMVF>¡FXLDHIJ5ABM5Hcm5J5FXLDL7UﬂP^CHT<c¡HIADLNpCW1SimfU1CIGN¬ADQLDW1PfUﬂGDHIJ5ADLc³= = sh=
















"URCW1P^CHIm5GKFXW1P MO J5P^H·LKGKAKJ^CIGKJ5ADH·M5H/MVF>¡FXLDHIJ5AM5HTm5J5FXLDL7UﬂP^CHŁ<T¡HIADLijR¬nfU1LDH/M5Hn³= = sh="CId3U1LDLKFX]-J^H
myHIAKSTHIGMO F>P-GKADWMVJ5F>ADHnM5HTZrUKJW1P¸LKF>Sim5dXH·d3UqM5QIS/UﬂADCDE^HnM5H·CW1P^CHIm5GKFXW1P M5H/GDHId>dXHLLKGKAKJ^CIGKJ5ADHLﬀ=2d>dXH/myHIJ5G
IGKADHM5QCW1SimyW#LDQHiHIP°M5HIJV¦R#A7UﬂP^M5LcmyW1F>P-GDL
	d3U·CW1P^CHIm5GKFXW1P MO J5PŁ^d>GKADHT¬³= = sh=yHIGNd3U/GKA7UﬂP^L±Z[W1AKS/UﬂGKFXW1P
HIPRMVF>¡FXLDHIJ5AzM5H`m5J5FXLDL7UﬂP^CH#=^"Uh^#J5ADH­pV=><ﬀ£­ADHIm5ADHIP^MqdXHLe#A7UﬂP^M5HLzd>F>#P^HLBM5H`CHIGKGDH_CW1P^CHIm5GKFXW1P;=
  *	   % 	  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CW1SiSTH_dXH`STW1P-GKADH_d3U­^#J5ADH­pV=><#<#=^PRH 9HIG5drO HIP-GKADQHhmyHIJ5G IGKADH`ADQﬀUﬂd>FXLDQH_mfUﬂAzJ5PRCW1J5m5d3UﬂHhM5H`G8 myHhpV= 
µ= ﬃUﬂACW1P-GKADH1myW1J5A2myW1J5¡W1F>AW15GDHIP5F>AM5HIJV¦­LDW1AKGKFXHLU¡HCJ5PLDHIJ5d^³= = sh= %F>dVHLKG2P^QCHLDL7UﬂF>ADHMO J5GKF>d>FXLDHIAM5HL
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;HMVF>¡FXLDHIJ5AM5H·m5J5FXLDL7UﬂP^CHCW1SimfU1CIGn</¡HIADLTpŁ¬qfU1LDHM5Hn³= = sh=¬RM5HISiFADHIm5d>FXQnUnZrUﬂF>GdrO W1 KHIGM5H
m5J55d>FXCﬀUﬂGKFXW1P^Ln¨ p#2p#}ﬂªeM^UﬂP^LhdXHLD]-J^HId>dXHL­J5P^H·M5QIS/UﬂADCDE^HnCW1Sim5dXIGDHM5H·CW1P^CHIm5GKFXW1P HLKG­m5ADW1myW#LDQH#=ﬃ2W1J5A
LKF>Sim5d>F{fHIA^dXHcADQLKJ5STQ_M5Hcd3UiCW1P^CHIm5GKFXW1PŁHLKGzM5W1P5P^Q_CIF{Y Uﬂm5ADLfU¡HC_drO UﬂFXM5H_M5Hcd3U­^#J5ADHhpV=><ﬀjV=



































M5HBCW1J5m5d3UﬂH#= ﬃd>J^L THLKGZrUﬂF>5dXHNHIG m5d>J^L dXHe^d>GKADHNHLKGLDQIdXHCIGKF{ZK=-"U_fUﬂP^M5HBmfU1LDL7UﬂP-GDHBLDW1J5EfUﬂF>GDQHBmyW1J5A
CDEfU1]-J^HhZ\ADQ]-J^HIP^CH­¡#U/M5W1P^C­F>SimyW#LDHIA`CHIGKGDH­¡#UﬂdXHIJ5AcM5H y=?«mfUﬂAKGKF>A`M5H  fdXHLc¡#UﬂdXHIJ5ADLcM5Hhd3UﬂAKHIJ5A
HIGzMO HLKmfU1CHISTHIP-GcM5HLed>F>#P^HLBCW1J5m5dXQHLzmyHIJ5¡HIP-G IGKADH_M5QMVJ5F>GDHLﬀ=
§G7UﬂmyHp 	fQ]-J5F>¡#UﬂdXHIP^CHhM5HLNCW1J5m5d3UﬂHLcMO HIP-GKADQHHIGNM5H­LDW1AKGKFXH#=yW1SiSTH­W1PRdrO UT¡J^dXHLBCW1J5m5d3UﬂHL
MO HIP-GKADQHhHIGBM5HhLDW1AKGKFXH`P^H_LDW1P-GzmfU1LBM5H`S ISTH_G8 myH_HIGzF>d;HLKGzP^QCHLDL7UﬂF>ADHhM5H`STWMVF{fHIAzd3UdXW1P5#J^HIJ5A
M5HLed>F>#P^HLBCW1J5m5dXQHLBHIPqLDW1AKGKFXH`myW1J5AzQ]-J5F>d>F>5ADHIANCHLzM5HIJV¦nCW1J5m5d3UﬂHLﬀ=






LKF>ShJ5d3UﬂGKFXW1P/M5HG8 myHeCIF>ADCIJ5F>GB²racHIP^HLK VLMO  Uﬂ#dXH ﬂUﬂADH-?Nk_³hMO ?B#F>dXHIP-Gﬀ=>=>= µW1JiM5HG8 myHQIdXHCIGKADW1S/Uﬂ#P^QIGKFX]-J^H
²   p1k«M5H

HId3UﬂP^M¢³WﬂZ\GﬃﬂUﬂADH83Nt+³5³·MO ?BP^LDWﬂZ\Gﬀ=>=>= µ=
  MNLﬂM  _P>UﬂWNXN\ U.YVX6lmR f!h ^`R f`X ;XN\ aS^;T_f;a D^`XN\K\ UﬂR`b a L ma>TF\ DX `UﬂR`f;a













;HqMVF>¡FXLDHIJ5ATM5Hnm5J5FXLDL7UﬂP^CHnHLKGiADQﬀUﬂd>FXLDQqLKJ5ATLKJ5^LKGKA7UﬂGTkNJ5ADWrM MO QImfUﬂFXLDLDHIJ5A  ﬁ    HIGiJ5P^HmyHIA±Y
SiF>GKGKF>¡F>GDQTM5H ﬁ V=8d2Z[W1P^CIGKFXW1P5P^H/¬ ﬂﬁ 
 
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LDW1F>GeJ5P^H`dXW1P5#J^HIJ5ABM5H    












  §HIGzJ5P^H`d3UﬂAKHIJ5ABM5H`d>F>#P^H_M5H ﬁ   =

















W1J ﬂﬁ    =sBHLKGDHi¬/5¦5HIA`d3U·dXW1P5#J^HIJ5AhHIG`d3U
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^#J5ADHŁpV=><ﬀpV= ﬃ2W1J5A·J5P Z[W1P^CIGKFXW1P5P^HISTHIP-Gq¬ ﬂﬁ 
 
HIG  ﬁ  
 
 dXHL/MVF>STHIP^LKFXW1P^L·MVJMVF>¡FXLDHIJ5A/M5H
m5J5FXLDL7UﬂP^CH`ADQﬀUﬂd>FXLDQ`LKJ5ABkNJ5ADWrMqLDW1P-GBMO HIP-¡F>ADW1P    

    =












 	    	  	    %     






pV=><ﬀp ·;H_MVF>¡FXLDHIJ5AzM5H`m5J5FXLDL7UﬂP^CH`5F{YrfUﬂP^M5H ﬂﬁ 
 


















































hHIG  ﬁ   
 
­U¡HCNM5HL
fUﬂP^M5HL+mfU1LDL7UﬂP-GDHL+ADHId3UﬂGKF>¡HL myHIJ/QIdXHI¡QHL M5HedrO W1ADMVADHzM5H  ﬁ  =BP/M5QLDQ]-J5F>d>F>5ADHzM5HL LDW1AKGKFXHL+HLKG W1^LDHIAK¡Q
J5P5FX]-J^HISTHIP-GN¬_d3U­M5HIJV¦VFXISTHNZ\ADQ]-J^HIP^CHVCHc]-J5FHLKGM nL7UﬂP^LM5W1J5GDH_UﬂJV¦·CW1SimyW1AKGDHISTHIP-GDLBMVF:9QIADHIP-GDLzM5HL













¬­d3U­Z\ADQ]-J^HIP^CH  ﬁ  
 
^=
  MNLﬂM   XNW6UﬂR \K^;TQW6aS\ ,lmR`b	YVX6lmR`R;UﬂWNXZY[PS\5f`^ f`X ;XN\ aS^;T_f;a D^`XN\K\ UﬂR`b a
	pWZY[TVUﬂRmY

























     = ﬃ2W1J5A J5PTMVF>¡FXLDHIJ5A+M5Hm5J5FXLDL7UﬂP^CHeM5HG8 myH´F>d F>P^LDW1P1F>d5HLKGP^QCHLDL7UﬂF>ADH
MO J5GKF>d>FXLDHIABm5d>J^LKFXHIJ5ADLzd>F>#P^HLB]-JfUﬂAKGBMO W1P^M5H#=^+O HIP^CW1Sh5ADHISTHIP-G_MO J5PRMVF>¡FXLDHIJ5AN¬fU1LDH`M5H­³= = sh=5HLKGBM5W1P^C
MVJqS ISTH_W1ADMVADH_M5Hc#A7UﬂP^M5HIJ5AN]-J^H`CHId>J5F"MO J5PRMVF>¡FXLDHIJ5ABM5Hcm5J5FXLDL7UﬂP^CH_M5H`´F>d F>P^LDW1P;=








myHIP^M^UﬂP-GDHzmyHIP^M^UﬂP-G d3Ucm5EfU1LDHzM5HzCW1P^CHIm5GKFXW1P;="UcADQImyW1P^LDHzHIPiZ\ADQ]-J^HIP^CHBUﬂJ5GDW1J5AM5HzCHLfUﬂP^M5HL HLKG CHId>dXH
MO J5Pn^d>GKADHh¬J5PRLDHIJ5dADQLDW1PfUﬂGDHIJ5ANM^UﬂP^LedXH_CﬀU1LzQIGKJ^MVFXQ#=8ﬃ2W1J5ABW15GDHIP5F>ANM5HLeADQImyW1P^LDHLBMO W1ADMVADH`m5d>J^LBQIdXHI¡Q
  *	   % 	  %    































¯ﬀQIADWNP^HmyHIJ5GmfU1L IGKADHm5d3U1CQm5ADWCDE^HeMO J5P^HfUﬂP^M5HmfU1LDL7UﬂP-GDHL7UﬂP^L+UﬂJ5#STHIP-GDHIA M5H ZrUKJW1PiCW1P^LKFXM5QIA7Uﬂ5dXHdXHL
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ﬃUﬂA7UﬂSTIGKADHL ﬃ2HIA±Z[W1AKS/UﬂP^CHL
t5ADQ]-J^HIP^CHT< t5ADQ]-J^HIP^CH­j
t5ADQ]-J^HIP^CH·²ra3B¯ﬂµ £V= v# <#= ﬂw-}
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^d>GKA7UﬂP-GDH­LDW1P-GBm5ADQLDHIP-GDQHLcM^UﬂP^LNCHIGKGDH_mfUﬂAKGKFXH#=H`GKA7U¡#UﬂF>dUZrUﬂF>GzdrO W1 KHIGNMO J5P^H_m5J55d>FXCﬀUﬂGKFXW1P UﬂJŁCW1P5#ADL
x Y±³HIPRj#£#£#jn¨ p#ﬂª"HIGzMO J5P^H_m5J55d>FXCﬀUﬂGKFXW1P¢UﬂJV¦*5 Nx HIPŁj#£#£#p¨ p#vﬂª8=

























ﬃUﬂATH¦5HISim5dXHd3Uq^#J5ADHqpV=><ﬀŁm5ADQLDHIP-GDHnd3UŁLKGKAKJ^CIGKJ5ADHnMO J5P UﬂSim5d>F{fCﬀUﬂGDHIJ5A·CId3U1LDLKFX]-J^HnU¡HCJ5P QIdXQY
STHIP-G·U1CIGKF{Z dXHGKA7UﬂP^LKFXLKGDW1A U1LDLDWCIFXQq¬¢M5HL/QIdXQISTHIP-GDL/MO U1M^Uﬂm5G7UﬂGKFXW1PMO F>SimyQM^UﬂP^CHRHIG/M5HmyW1d3UﬂAKFXL7UﬂGKFXW1P;=
ﬃ2W1J5A·Uﬂm5myW1AKGDHIATMVJ©^d>GKA7UﬂHnM^UﬂP^LTCHIGKGDHnLKGKAKJ^CIGKJ5ADHF>deHLKGimyW#LDLKF>5dXHM5H·STWMVF{fHIATdXHLiCIF>ADCIJ5F>GDLTMO U1M^UﬂmVY
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#p
¬ m5J5FXLDL7UﬂP^CHRm5d>J^L/ZrUﬂF>5dXHCHŁ]-J5FcUﬂJ5#STHIP-GDH¢d3U d>F>P^QﬀUﬂAKF>GDQ¢M5HRdrO HIP^LDHISh5dXH#=e;HRmyW1F>P-GM5HŁCW1Sim5ADHLDLKFXW1P
M5HndrO UﬂSim5d>F{fCﬀUﬂGDHIJ5A·GKA7UﬂP^LK¡HIADLDHqHLKG·UﬂdXW1ADL·¬¢myHIJ m5ADL/QI-Uﬂd +HIP d>F>P^QﬀUﬂF>ADH¬¢d3U°LDW1SiSTHqM5HLTmyW1F>P-GDL/M5H
CW1Sim5ADHLDLKFXW1PRM5HLBUﬂSim5d>F{fCﬀUﬂGDHIJ5ADLNQIdXQISTHIP-G7UﬂF>ADHLﬀ=
HIGKGDHiLKGKAKJ^CIGKJ5ADHmyHIJ5G_UﬂJ^LDLKF IGKADH­¡J^HCW1SiSTHJ5P¢^d>GKADH­GKA7UﬂP^LK¡HIADLDH#="HG8 myHM5Hh^d>GKA7UﬂHCW1SiSTH
CHId3UŁURQIGDQ·MVF>GiM^UﬂP^L­d3UqmfUﬂAKGKFXHjV=><#= j UﬂSTIP^HM5HLh¯ﬀQIADW#LM^UﬂP^L­d3UnZ[W1P^CIGKFXW1P M5H/GKA7UﬂP^L±Z[HIAKGﬀ=k`UﬂP^LhdXH·CﬀU1L
MO J5P·ZrUﬂF>5dXHNP^W1Sh5ADH`M5HN¡W1FXHL`²[p­W1Jw­mfUﬂAeH¦5HISim5dXH%µﬀ5CHB^d>GKA7UﬂHNP;O HLKGmfU1LLDQIdXHCIGKF{ZUﬂJ5GDW1J5AeM5HLfUﬂP^M5HL























Coeff. de transmission du diviseur et combineur de puissance
Coeff. de réflexion
Coeff. de transmission des amplificateurs et des pondérations
nporq 
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MO Uﬂm5myW1AKGDHIA`MVJq^d>GKA7UﬂHLDQIdXHCIGKF{Z M^UﬂP^LNdXHLNQIdXQISTHIP-GDLﬀ= BP^HhLDW1d>J5GKFXW1P¢CW1P^LKFXLKGDH¬iSTHIGKGKADH­CH_^d>GKA7UﬂH­M^UﬂP^L
dXHLNQIdXQISTHIP-GDL`M5HhmyW1P^M5QIA7UﬂGKFXW1PCH­]-J5F"ADHI¡FXHIP-G_¬iSTHIGKGKADHUﬂJ5G7UﬂP-G`MO QIdXQISTHIP-GDL`M5H_^d>GKA7UﬂH­]-J^H­M5H_¡W1FXHLﬀ=
BP^HUﬂJ5GKADHLDW1d>J5GKFXW1P CW1P^LKFXLKGDH¬¢Uﬂm5myW1AKGDHIAiMVJ^d>GKA7UﬂHLDQIdXHCIGKF{ZNM^UﬂP^LdXH·MVF>¡FXLDHIJ5AHIGdXH·CW1Sh5F>P^HIJ5ATM5H











?BF>P^LKF J5P^H LKGKAKJ^CIGKJ5ADH+GKA7UﬂP^LK¡HIADLDHUﬂSim5d>F{fCﬀUﬂGKAKFXCH myHIJ5G"HIP_GKE^QW1AKFXHUﬂm5myW1AKGDHIA"J5P^HZ[W1P^CIGKFXW1P­M5H^d>GKA7UﬂH#=
³-J5F>¡#UﬂP-GzdXHcG8 myHcM5H`LKGKAKJ^CIGKJ5ADH5F>dHLKGemyW#LDLKF>5dXHcM5Hcm5AKF>¡F>dXQI#FXHIAem5d>J^LzW1JnSTW1F>P^LedXHLeMVF:9QIADHIP-GDL^d>GKA7UﬂHLﬀ= 8d
CW1P-¡FXHIP-GNHIP^LKJ5F>GDH_MO W1m5GKF>SiFXLDHIABdrO HIP^LDHISh5dXH_myW1J5AzW15GDHIP5F>AzdXH`-UﬂfUﬂAKF>GBLDW1J5EfUﬂF>GDQ#=
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	= ﬃ2W1J5A2W15GDHIP5F>A"J5P_¯ﬀQIADWBM5HGKA7UﬂP^LKSiFXLDLKFXW1P_mfUﬂA"H 9HIG;GKA7UﬂP^LK¡HIADLDH ¬d3UZ\ADQ]-J^HIP^CH
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Configuration 1 Configuration 2 Configuration 3
nporq 
pV= jV< ·¦5HISim5dXHhM5H`M5QIm5EfU1LDHIJ5AzADHCW1PV^#J5A7Uﬂ5dXHpQIG7UﬂGDLN¬­d>F>#P^HLBM5HcGKA7UﬂP^LKSiFXLDLKFXW1P
































kcHLUﬂSim5d>F{fCﬀUﬂGDHIJ5ADL  N?cj#}i²\xRF>P5FXCIF>ADCIJ5F>Gµ+LDW1P-G J5GKF>d>FXLDQL myW1J5A+dXHLUﬂSim5d>F{fCﬀUﬂGDHIJ5ADLeQIdXQISTHIP-G7UﬂF>ADHLﬀ=;H
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d3UCW1J5AKyH`?NxqY8?Nx¤M5HNd3U
^#J5ADHNpV= j# M5W1P5PfUﬂP-Gd3Ucm5J5FXLDL7UﬂP^CHzM5HzLDW1AKGKFXHzHIPiZ[W1P^CIGKFXW1P·M5Hed3Ucm5J5FXLDL7UﬂP^CHzMO HIP-GKADQHNM5HedrO UﬂSim5d>F{fCﬀUﬂGDHIJ5A
myHIAKSTHIGiMO W15GDHIP5F>AdXH/myW1F>P-GiM5H·CW1Sim5ADHLDLKFXW1P 	 

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
=2;H·ADHIP^M5HISTHIP-GTCW1AKADHLKmyW1P^M^UﬂP-GTHLKG
QI-Uﬂd2¬  ﬁ  HIGedXH`ADHIP^M5HISTHIP-GBS/U%¦VF>S/Uﬂd"HLKGzM5H  ﬂﬁ  fCW1SiSTH`dXHcSTW1P-GKADH_d3U­^#J5ADHhpV= j»=
k`UﬂP^L dXHBCﬀU1LM5HzdrO QIGKJ^M5HNM5HeZrUﬂFXL7Uﬂ5F>d>F>GDQNCW1P^LKFXM5QIADQH-P^W1J^L P^W1J^LLDW1SiSTHL d>F>SiF>GDQLe¬`J5GKF>d>FXLDHIAM5HL d>F>#P^HL
SiFXCIADW1AKJ5fUﬂP^L+CW1SiSTHeQIdXQISTHIP-GDL+M5HmyW1P^M5QIA7UﬂGKFXW1P;=#"UcLKGKAKJ^CIGKJ5ADHADQﬀUﬂd>FXLDQHP;O HLKG+UﬂdXW1ADL2mfU1LADHCW1PV^#J5A7Uﬂ5dXH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pV= j#j ·xŁHLKJ5ADHLzM5HLzmfUﬂA7UﬂSTIGKADHLc³·M5H`drO UﬂSim5d>F{fCﬀUﬂGDHIJ5A  N?cj#}














MVJ·CIF>ADCIJ5F>GeLDW1P-G  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Z\ADQ]-J^HIP-GKFXHId>dXHLBH 9HCIGKJ^QHLBLKJ5AzCHIGKGDH_LKGKAKJ^CIGKJ5ADHhLDW1P-GzM5W1P5P^QHLzmfUﬂAzdXHL^#J5ADHLNpV= jﬂw/HIGBpV= j#}V=
nporq 






GKFX]-J^He¬NCHId>J5F^M5HL+UﬂSim5d>F{fCﬀUﬂGDHIJ5ADL QIdXQISTHIP-G7UﬂF>ADHLﬀ=? d3UzZ\ADQ]-J^HIP^CHeM5H Z[W1P^CIGKFXW1P5P^HISTHIP-GdXH-UﬂF>PSTHLKJ5ADQeM5H
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HLKG2mfUﬂATCW1P-GKADH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^=+NO HLKGd3U¢CW1Sh5F>PfUﬂFXLDW1P M5H
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U -UﬂP-G`QIGDQ­W1m5GKF>SiFXLDQH¬  ﬁ 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pV= jﬂw TxŁHLKJ5ADHLM5HL mfUﬂA7UﬂSTIGKADHLN³TM5HBdrO UﬂSim5d>F{fCﬀUﬂGDHIJ5Ae^d>GKA7UﬂP-GeM5HBG8 myHNGKA7UﬂP^LK¡HIADLDHcU¡HCcMVF>¡FXLDHIJ5A
M5H`m5J5FXLDL7UﬂP^CHc5F{YrfUﬂP^M5H
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t5ADQ]-J^HIP^CH/²ra3B¯ﬂµ £V= v# <#= ﬂw-}

































pV= p  ﬃ2HIA±Z[W1AKS/UﬂP^CH­HIPn^d>GKA7UﬂH_M5HcdrO UﬂSim5d>F{fCﬀUﬂGDHIJ5AB^d>GKA7UﬂP-G
"U`^#J5ADH`pV= j#hmyHIAKSTHIGM5HcCW1SimfUﬂADHIAdXHLCW1J5AKyHL?NxqY8?Nx M5HBdrO UﬂSim5d>F{fCﬀUﬂGDHIJ5Ae^d>GKA7UﬂP-GeHIGM5HNdrO UﬂSY
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   V=
x¢Uﬂd>#ADQdXHLmyHIAKGDHLMVJiMVF>¡FXLDHIJ5AHIGMVJiCW1Sh5F>P^HIJ5A M5Hm5J5FXLDL7UﬂP^CHﬂdXHmyW1F>P-GM5HCW1Sim5ADHLDLKFXW1PTHLKGUﬂJ5#STHIP-GDQ
M5HNZrUKJW1PRLKF>#P5F{fCﬀUﬂGKF>¡H#=



















pV= j# /xŁHLKJ5ADHLzM5HLeCW1J5AKyHLz?NxqY8?Nx¤¬  ﬁ  
 
iM5HcdrO UﬂSim5d>F{fCﬀUﬂGDHIJ5A  N?cj#}­HIGzM5HcdrO UﬂSim5d>F{5Y
CﬀUﬂGDHIJ5Ae^d>GKA7UﬂP-G
kO J5PimyW1F>P-G M5H¡J^HADHIP^M5HISTHIP-GdrO UﬂSim5d>F{fCﬀUﬂGDHIJ5A+^d>GKA7UﬂP-G HLKG1mfUﬂA+CW1P-GKADH#STW1F>P^L+myHIA±Z[W1AKS/UﬂP-G+]-J^HdXH
 N?cj#}V=#;HeADHIP^M5HISTHIP-GHIPim5J5FXLDL7UﬂP^CHBU KW1J5GDQHzHLKG M5Hﬁ  UﬂJimyW1F>P-GM5HeCW1Sim5ADHLDLKFXW1P·HIGdXHeADHIP^M5HISTHIP-G
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pV= j» nxŁHLKJ5ADHLcM5HLBADHIP^M5HISTHIP-GDL`HIPŁm5J5FXLDL7UﬂP^CHU KW1J5GDQH¬  ﬁ  
 
·M5HhdrO UﬂSim5d>F  N?cj#}/HIGNM5H
drO UﬂSim5d>F{fCﬀUﬂGDHIJ5AB^d>GKA7UﬂP-G
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+O UﬂSim5d>F{fCﬀUﬂGDHIJ5A ^d>GKA7UﬂP-G+myHIAKSTHIG+M5H-Uﬂ#P^HIA HIPid>F>P^QﬀUﬂAKF>GDQBU¡HCeJ5PimyW1F>P-G+M5HeCW1Sim5ADHLDLKFXW1P/HIPGKE^QW1AKFXH
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     #7 +.-/7*7*- <2S@!1 +.2?3546)": 8/3*@!7*&=-
k`UﬂP^L`J5P^HCDEfU%gXP^HTMO QISiFXLDLKFXW1P sBtdrO UﬂP-GDHIP5P^H/U/myW1J5A`AD®1dXHiM5HCW1P-¡HIAKGKF>AhJ5P^HW1P^M5HiQIdXHCIGKADW1S/Uﬂ#P^QY
GKFX]-J^H#J5FXM5QHiHIP¢J5P^HiW1P^M5HiQIdXHCIGKADW1S/Uﬂ#P^QIGKFX]-J^HiA7U W1P5P^QH#=8d2ZrUﬂJ5G`M5W1P^Ci]-J^H­drO UﬂP-GDHIP5P^H/U1CCHIm5GDHTCHIGKGDH
QIP^HIAK#FXH`LDW1J^LZ[W1AKSTHcMO W1P^M5HLe#J5FXM5QHLzHIGe]-J;O HId>dXHcd3UhA7U W1P5P^H_M^UﬂP^Ld3U­MVF>ADHCIGKFXW1PRM5HLJ5GKF>d>FXL7UﬂGDHIJ5ADLﬀ=5?BF>P^LKF 





























ﬃ2W1J5AdrO U1M^Uﬂm5G7UﬂGKFXW1P MO F>SimyQM^UﬂP^CHCH·]-J5F P^W1J^L­F>P-GDQIADHLDLDH2C#O HLKGhd3UqfUﬂP^M5H·M5HTZ\ADQ]-J^HIP^CH·LKJ5Ahd3U1]-J^HId>dXH




















































M5HidrO UﬂP-GDHIP5P^H#=2"U·^#J5ADH·pV= j#vnC%µcM5W1P5P^HTJ5P GKA7U1CQ/CId3U1LDLKFX]-J^HiM5HTd3U¡#UﬂAKF3UﬂGKFXW1PM5H
CHIGKGDH/ADQLKFXLKG7UﬂP^CH·MO HIP-GKADQHADQMVJ5F>GDH·HIPZ[W1P^CIGKFXW1P©M5H/d3UnZ\ADQ]-J^HIP^CH#= BP¸ADHIS/UﬂAD]-J^H·]-J^H2HIP©M5HIE^W1ADLM5HL
Z\ADQ]-J^HIP^CHLM5H ADQLDW1PfUﬂP^CH#CHIGKGDHADQLKFXLKG7UﬂP^CHHLKG]-JfU1LKF>STHIP-GP-J5d>dXHCH]-J5FF>Sim5d>FX]-J^H#HIP­J5GKF>d>FXL7UﬂP-Gd3Uz^#J5ADH
pV= j#vTµﬀ^J5P^H_fUﬂP^M5HhmfU1LDL7UﬂP-GDH­MO U1M^Uﬂm5G7UﬂGKFXW1P¢]-JfU1LKF>STHIP-GNP-J5d>dXHHIGNM5W1P^C_J5P^H­U1M^Uﬂm5G7UﬂGKFXW1P°MO F>SimyQM^UﬂP^CH
F>AKADQﬀUﬂd>FXL7Uﬂ5dXHHIP¸m5A7UﬂGKFX]-J^H#= ﬃUﬂAiCW1P-GKADHUﬂJV¦ADQLDW1PfUﬂP^CHL"d3UqADQLKFXLKG7UﬂP^CH·HLKG­S/U%¦VF>S/UﬂdXH·CH·]-J5FmyHIAKSTHIG












Circuit d’entrée Circuit de sortie













































ADQLKFXLKG7UﬂP^CHeM5HA7U W1P5P^HISTHIP-Gﬀ=kO J5PimyW1F>P-G M5H¡J^HA7U W1P5P^HISTHIP-G-dXHL+CﬀUﬂA7U1CIGDQIAKFXLKGKFX]-J^HL+LDW1P-G M5W1P5P^QHLmfUﬂA
dXHcMVF3Uﬂ#A7UﬂSiSTH_M5HcA7U W1P5P^HISTHIP-Gﬀ=8dymyHIAKSTHIGzM5HN¡FXLKJfUﬂd>FXLDHIAd3UhADQImfUﬂAKGKF>GKFXW1PRM5Hcm5J5FXLDL7UﬂP^CHNA7U W1P5P^QH_M^UﬂP^L
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ﬃJ5FXLD]-J^HeCW1SiSTH°P^W1J^LndrO U¡W1P^LRMVF>GdXH¢A7U W1P5P^HISTHIP-G¢MO J5P^H UﬂP-GDHIP5P^H¸¬¸ADQLDW1PfUﬂGDHIJ5AqP;O HLKGnmyW#L±Y





  M  MNL  TFXNR`b X a
"UŁADQImyW1P^LDH·Z\ADQ]-J^HIP-GKFXHId>dXHqMO J5P^HqUﬂP-GDHIP5P^HnmyHIJ5G IGKADHJ5GKF>d>FXLDQHmyW1J5A/UﬂJ5#STHIP-GDHIATdXH·^d>GKA7UﬂHnMO J5P^H











G7UﬂP-GBMO QIGKJ^MVFXHIABdXHLemyW#LDLKF>5F>d>F>GDQLzW 9HIAKGDHLemfUﬂABM5HLzLKGKAKJ^CIGKJ5ADHLzQIP^QIA7UﬂdXHLN¬L7UﬂJ5GDLzMO F>SimyQM^UﬂP^CH_myW1J5AzM5HL
Uﬂm5m5d>FXCﬀUﬂGKFXW1P^L`ShJ5d>GKF{Y8LKG7UﬂP^M^UﬂADM5Lﬀ=+O QIGKJ^M5HM5HCﬀUﬂA7U1CIGDIADH­QIP^QIA7Uﬂd HLKG`Uﬂm5m5d>FX]-J^QHiUﬂJV¦ŁCﬀU1L`M5HL`UﬂP-GDHIP5P^HL
mfUﬂGDCDE^Lﬀ=













³-FzdrO W1P CW1P^LKFXM5IADHndrO UﬂP-GDHIP5P^HRmfUﬂGDCDE ADHCIG7UﬂP5#J5d3UﬂF>ADHRM5Hnd3UŁ^#J5ADHRpV= j#Uµﬀ+]-J^HId>dXHn]-J^HqLDW1F>GTd3URZ\ADQY
]-J^HIP^CH dXHL·STWM5HL·M5HRADQLDW1PfUﬂP^CHŁLﬀO QIG7Uﬂ5d>FXLDLDHIP-GnLKJ5A·GDW1J5GDHRd3U dXW1P5#J^HIJ5AnM5HqdrO UﬂP-GDHIP5P^H#=BHCIF`UﬂSTIP^H
UﬂJV¦ŁCﬀUﬂA7U1CIGDQIAKFXLKGKFX]-J^HL_CId3U1LDLKFX]-J^HLcM5H­drO UﬂP-GDHIP5P^HimfUﬂGDCDE 	dXHLBZ\ADQ]-J^HIP^CHL`M5H­ADQLDW1PfUﬂP^CHLKJ5myQIAKFXHIJ5ADHiLDW1P-G
¬/myHIJ¢m5ADL`ShJ5d>GKF>m5dXHL_M5Hd3U/m5ADHISiFXIADHZ\ADQ]-J^HIP^CHiM5H­ADQLDW1PfUﬂP^CHTHIGcdXHL`MVF3Uﬂ#A7UﬂSiSTHLhM5H­A7U W1P5P^HISTHIP-G
myW1J5A2dXHL2STWM5HL2mfUﬂF>ADL2myW#LDLDM5HIP-GJ5P­¯ﬀQIADW`¬zdrO Uﬂ¯F>ShJ5G+M5H drO UﬂP-GDHIP5P^H#CW1SiSTHdXH STW1P-GKADHd3Ue^#J5ADHepV= j#Bµ=
+O J5PM5HL"m5AKF>P^CIF>myHLM5H+d3UzSTWMVF{fCﬀUﬂGKFXW1PhZ\ADQ]-J^HIP-GKFXHId>dXHM5H+STWM5HCW1P^LKFXLKGDH¬em5d3U1CHIAJ5P_^d>GKADHUﬂJhSiF>d>FXHIJ
MO J5P^H`UﬂP-GDHIP5P^H_M5HBZrUKJW1Pq¬hCIADQHIAzM5HLSTWM5HLeLKJ5AM5HLdXW1P5#J^HIJ5ADLzMVF:9QIADHIP-GDHLzUﬂJnLDHIF>PnM5HNdrO UﬂP-GDHIP5P^HT¨ w#w1ª8=
"UB^#J5ADHBpV= p#£`Uµ"m5ADQLDHIP-GDHeJ5P^HBUﬂP-GDHIP5P^HemfUﬂGDCDETADHCIG7UﬂP5#J5d3UﬂF>ADHBM^UﬂP^Ld3U1]-J^HId>dXHzHLKGF>P^LDQIADQeJ5P^d>GKADHmfU1LDLDHY
fU1Lﬀ=f?Z\ADQ]-J^HIP^CHhfU1LDLDH5dXH_^d>GKADH_P;O U/UﬂJ^CIJ5P¢H 9HIGNHIGBdXH_m5ADHISiFXHIANSTWM5H­M5H_ADQLDW1PfUﬂP^CH­LﬀO QIG7Uﬂ5d>F>GNLKJ5ABd3U
dXW1P5#J^HIJ5AcGDW1G7UﬂdXH­M5HhdrO UﬂP-GDHIP5P^H#= ﬃUﬂA`CW1P-GKADH¬iZ\ADQ]-J^HIP^CHhm5d>J^LNEfUﬂJ5GDHfdXH_^d>GKADH¹5dXW]-J^H¹_drO QIP^HIAK#FXHLKJ5A
d3Um5ADHISiFXIADH/mfUﬂAKGKFXH/M5HidrO UﬂP-GDHIP5P^H·HIGhdXHiSTWM5H/M5HiADQLDW1PfUﬂP^CH/LﬀO QIG7Uﬂ5d>F>G­LKJ5A_J5P^HTdXW1P5#J^HIJ5A­m5d>J^L`ZrUﬂF>5dXH#=
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Fi l tre de mode
nporq 
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kNF:9QIADHIP-GDL G8 myHL M5H^d>GKADHzmyHIJ5¡HIP-GIGKADHzF>P^LDQIADQL M^UﬂP^L+J5P^HNUﬂP-GDHIP5P^HBmfUﬂGDCDE/ADHCIG7UﬂP5#J5d3UﬂF>ADH#=V"UN^#J5ADH
pV= pV<­M5W1P5P^HM5HIJV¦ŁH¦5HISim5dXHL 	fJ5PR^d>GKADHM5HhG8 myH­]-JfU1LKF{Y8HId>d>F>m5GKFX]-J^H­HIGNJ5PŁ^d>GKADH­M5HhG8 myH_Z[HIP-GDH#=1ﬃ2W1J5A`CH
M5HIAKP5FXHIAVJ5P^HcQIGKJ^M5HcCW1Sim5dXIGDH`M5HNd3U­CW1P^CHIm5GKFXW1PqMO J5P^H_UﬂP-GDHIP5P^H_U¡HCNZ[HIP-GDHcHLKGeM5QCIAKF>GDHcM^UﬂP^L`¨ w-ﬂª8=d>dXH
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ºBJ^HIdX]-J^HLH¦5HISim5dXHLMO UﬂP-GDHIP5P^HLQIGKJ^MVFXQHLM^UﬂP^LCHIGKGDHzmfUﬂAKGKFXHBLDW1P-GM5W1P5P^QL mfUﬂA d3UN^#J5ADHNpV= p#pV=k`UﬂP^L
J5P¢CﬀU1LBQIP^QIA7Uﬂd fdrO UﬂP-GDHIP5P^HHLKGBJ5PŁADQLDW1PfUﬂGDHIJ5AcCW1P^LKGKF>GKJ^Q­M5H GKADW1P>JW1P^LcM5H_d>F>#P^HLcMO F>SimyQM^UﬂP^CHLi²\M5H
d3UﬂAKHIJ5ADLµHIGBM5HcdXW1P5#J^HIJ5ADLNMVF:9QIADHIP-GDHL^LDW1F>G zY7<`L7UﬂJ5GDLzMO F>SimyQM^UﬂP^CH#=
nporq 
pV= p#p ·¦5HISim5dXHLBMO UﬂP-GDHIP5P^HLc¬iL7UﬂJ5GzMO F>SimyQM^UﬂP^CH
k`UﬂP^LedXH_CﬀU1LemfUﬂAKGKFXCIJ5d>FXHIABM5H`drO UﬂP-GDHIP5P^HhHIP 3M5Hcd3Uh^#J5ADHhpV= pﬂw ^]-J5F;HLKGeJ5P^H_UﬂP-GDHIP5P^HhLK STQIGKAKFX]-J^H_¬















θ2 , Z2 θ2 , Z2
θ1 , Z1
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K=0.1      1/3<r<3
K=0.5     1/3<r<3
nporq 
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  M  M 	 lmR`b a ;YVX6lmR
k`UﬂP^LcdXHCﬀU1L`LKF>Sim5d>F{fQiM5HdrO UﬂP-GDHIP5P^HTHIP 3 J5P^HQIGKJ^M5HfU1LDQHLKJ5Acd3ULKGKAKJ^CIGKJ5ADHiMO J5P¢ADQLDW1PfUﬂGDHIJ5Ah¬
L7UﬂJ5GNMO F>SimyQM^UﬂP^CH­LK STQIGKAKFX]-J^H_myHIAKSTHIGNM5HhM5QIGDHIAKSiF>P^HIAc]-J^HIdX]-J^HLzm5ADW1m5AKFXQIGDQLcM5HhCHIGKGDH­UﬂP-GDHIP5P^H#=yk`UﬂP^L







NW1J^Lhm5ADW1myW#LDW1P^LM5W1P^C/J5P^H/STQIGKE^WM5H·MO QIGKJ^M5H·CW1Sim5dXIGDHMO J5P^HUﬂP-GDHIP5P^HmfUﬂGDCDE ¬RL7UﬂJ5GDL­MO F>SimyQY
M^UﬂP^CH#= ﬃ2W1J5A+CHId3U ﬂGKADW1FXL2STWM5IdXHLW1P-GQIGDQM5QI¡HIdXW1m5myQL 	%J5P­STWM5IdXHM5HA7U W1P5P^HISTHIP-G#J5PSTWM5IdXHCIF>ADCIJ5F>G
HIGeJ5PnSTWM5IdXH_M5HcADHIP^M5HISTHIP-Gﬀ=yHcGKA7U¡#UﬂF>d"UhZrUﬂF>GedrO W1 KHIGzMO J5P^H`m5J55d>FXCﬀUﬂGKFXW1PŁUﬂJRCW1P5#ADL ++Y8?ﬃ³HIP
j#£#£ﬂwR¨ p»%ª8=












kO J5PhmyW1F>P-GM5H¡J^H+A7U W1P5P^HISTHIP-G1J5P^HUﬂP-GDHIP5P^H¬zL7UﬂJ5GDL"MO F>SimyQM^UﬂP^CH myHIJ5G IGKADH CW1P^LKFXM5QIADQH CW1SiSTH
d3UBSiFXLDHHIPADQLDHﬀUﬂJiM5H Z[HIP-GDHLA7U W1P5PfUﬂP-GDHL-CW1SiSTHdXHSTW1P-GKADHedrO H¦5HISim5dXHM5Hd3Uz^#J5ADHzpV= p»=1;HLSTWM5IdXHL
M5HNA7U W1P5P^HISTHIP-GNM5HLeM5HIJV¦·G8 myHLeM5HcMVFXLDCW1P-GKF>P-J5F>GDQLBJ5GKF>dXHLmyW1J5Ad3UhSTWM5QId>FXL7UﬂGKFXW1PqM5HNdrO UﬂP-GDHIP5P^Hh¬­L7UﬂJ5G
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pV= p»·xŁWM5IdXH_M5HcA7U W1P5P^HISTHIP-GcM5H`drO UﬂP-GDHIP5P^H­¬iL7UﬂJ5GzMO F>SimyQM^UﬂP^CH
































drO H 9HIGzM5HLzSTWM5HLzHI¡#UﬂP^HLDCHIP-GDL 	5CﬀUﬂmfU1CIF>GDQ
 
=

























CW1SiSTHM5W1P5P^QHmfUﬂAcd3UTADHId3UﬂGKFXW1P ²[pV= jV<%µ= BPRZrUﬂF>G`M5H­S ISTH­myW1J5ANd3U·CﬀUﬂmfU1CIF>GDQiQ]-J5F>¡#UﬂdXHIP-GDH 

U¡HC­d3U
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dXHhA7U W1P5P^HISTHIP-G­MO J5P^HhZ[HIP-GDH­P;O F>P^J^HIP^CHimfU1LNdrO UﬂJ5GKADH#="HIGKGDHiUﬂm5m5ADW¦VF>S/UﬂGKFXW1PHLKG ±J^LKGKF{fQH­mfUﬂAcdXH_ZrUﬂF>G
]-J^HqdXHqA7U W1P5P^HISTHIP-GqMO J5P^HqZ[HIP-GDHRmyW1J5A  




















































































































HIGcdrO H¦Vm5ADHLDLKFXW1P¢M5HL_U1MVSiF>GKG7UﬂP^CHL_Q]-J5F>¡#UﬂdXHIP-GDHL`CW1AKADHLKmyW1P^M5HIP^M ¬/CHId>dXHiM5W1P5P^QH­mfUﬂAT²[pV= j#}µ=y;HL`M5HIJV¦
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β1  L1 βk−1  Lk−1 βk  Lk βΝ  LN
nporq 
pV= p# ·xŁWM5QId>FXL7UﬂGKFXW1PRCIF>ADCIJ5F>GBM5H`drO UﬂP-GDHIP5P^H­¬L7UﬂJ5GBMO F>SimyQM^UﬂP^CH
;HNSTWM5IdXH`CIF>ADCIJ5F>GeHLKGF>P-GDQIADHLDL7UﬂP-GemyW1J5AdXHcCﬀUﬂdXCIJ5dMVJm5ADWﬂ^dM5HNGDHIP^LKFXW1PqHIGMO F>SimyQM^UﬂP^CH#=^;HNm5ADWﬂ^d
M5HGDHIP^LKFXW1PHIG+HIPimfUﬂAKGKFXCIJ5d>FXHIA+dXHLGDHIP^LKFXW1P^L UﬂJV¦yW1AKP^HL+M5HL+MVFXLDCW1P-GKF>P-J5F>GDQL-HLKGJ5GKF>dXHemyW1J5AdXHSTWM5IdXHeHIP
A7U W1P5P^HISTHIP-Gﬀ=;H m5ADWﬂ^dVMO F>SimyQM^UﬂP^CHmyHIAKSTHIG2M5HM5QIGDHIAKSiF>P^HIAdXHL"myW1F>P-GDLW­drO U1M^Uﬂm5G7UﬂGKFXW1PiMO F>SimyQM^UﬂP^CH
HLKGcW1m5GKF>S/UﬂdXHmyW1J5ANdXHLcMVF:9QIADHIP-GDHLcZ\ADQ]-J^HIP^CHLNJ5GKF>dXHLﬀ=y+O F>P-GDQIA IG`m5AKF>P^CIF>mfUﬂd+M5H­d3UTSTWM5QId>FXL7UﬂGKFXW1P CIF>ADCIJ5F>G
HLKGed3U­ZrUﬂF>5dXH_CW1Sim5dXH¦VF>GDQ_M5H_CﬀUﬂdXCIJ5d"CW1SimfUﬂADQH­¬J5P^H_LKF>ShJ5d3UﬂGKFXW1PŁQIdXHCIGKADW1S/Uﬂ#P^QIGKFX]-J^H#=HIGKGDH`m5ADW1m5AKFXQIGDQ
HLKGJ5GKF>d>FXLDQH`M^UﬂP^Ld3UhmfUﬂAKGKFXH_pV= pV= jV= wimyW1J5AedXHcM5QI¡HIdXW1m5myHISTHIP-GBMO J5PRUﬂd>W1AKF>GKE5STH_M5HcLK P-GKE^LDH`MO UﬂP-GDHIP5P^HL
mfUﬂGDCDE^LN¬iL7UﬂJ5GDLzMO F>SimyQM^UﬂP^CH#=









W1SiSTHNW1P/drO U_MVF>G myW1J5A+drO UﬂP-GDHIP5P^HcHIP 3 #dXHL L7UﬂJ5GDLMO F>SimyQM^UﬂP^CHBmyHIJ5¡HIP-GHIP-GKA7U%gXP^HIAJ5P^HNUﬂJ5#STHIPVY
G7UﬂGKFXW1PnM5HLmyHIAKGDHL-dXHLM5HIP^LKF>GDQLM5HNCW1J5A7UﬂP-GzQIG7UﬂP-Gm5d>J^LF>SimyW1AKG7UﬂP-GDHLeM^UﬂP^LdXHLLDHCIGKFXW1P^LW·dXHLd3UﬂAKHIJ5ADL
LDW1P-Gm5d>J^L ZrUﬂF>5dXHLﬀ= 8dyHLKGM5W1P^CNF>SimyW1AKG7UﬂP-GzMO U¡W1F>AeJ5P·STWM5IdXHc]-JfU1LKFUﬂPfUﬂd> GKFX]-J^HNmyHIAKSTHIGKG7UﬂP-GBM5HBSiFXHIJV¦
Uﬂm5m5ADQIE^HIP^M5HIABdXHLz¡#UﬂAKF3UﬂGKFXW1P^LzQI¡HIP-GKJ^HId>dXHLNM5H`drO H
/CﬀU1CIF>GDQhHIPZ[W1P^CIGKFXW1PRM5H`d3U­QW1STQIGKAKFXHhCDE^W1FXLKFXH#=
k`UﬂP^LndrO UﬂP5P^H¦5H J5P^H CW1SimfUﬂA7UﬂFXLDW1PM5HLnSTQIGKE^WM5HLRM5H°CﬀUﬂdXCIJ5dhMVJ ADHIP^M5HISTHIP-GŁMO J5P^HUﬂP-GDHIP5P^H
mfUﬂGDCDEADHCIG7UﬂP5#J5d3UﬂF>ADH·HLKGhM5W1P5P^QH#=";HL_STQIGKE^WM5HLhfU1LDQHLhLKJ5A`dXH/CﬀUﬂdXCIJ5d M5HTdrO QIP^HIAK#FXHTADQﬀU1CIGKF>¡H/LKGDWCQH
LDW1J^LNdrO UﬂP-GDHIP5P^HiLDHISh5dXHIP-G`SiFXHIJV¦¢CW1P-¡HIP5F>A`myW1J5AcdXH­CﬀU1LcM5H­drO UﬂP-GDHIP5P^HmfUﬂGDCDE;= ﬃ2W1J5A`drO UﬂP-GDHIP5P^HmfUﬂGDCDE ¬
L7UﬂJ5GcMO F>SimyQM^UﬂP^CHHId>dXHLcLDW1P-G`UﬂJ^LDLKF"GKADLBF>P-GDQIADHLDL7UﬂP-GDHL`CﬀUﬂANdXH_m5ADWﬂ^dM5HhGDHIP^LKFXW1PŁdXH_dXW1P5M5HhdrO UﬂP-GDHIP5P^H
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MO F>SimyQM^UﬂP^CHhLDW1P-GBFXLDLKJ^LzMO J5PqSTWM5IdXHhCIF>ADCIJ5F>Gf]-J5FmyHIAKSTHIGNM5H_M5QIGDHIAKSiF>P^HIAcMO J5P^H`mfUﬂAKGBdXH`m5ADWﬂ^d"MO F>SY
myQM^UﬂP^CH`dXHcdXW1P5TM5HcdrO UﬂP-GDHIP5P^HhHIGzM5W1P^C`d3U­STHIF>d>dXHIJ5ADH`myW#LKF>GKFXW1PRMVJnmyW1F>P-GBMO U1M^Uﬂm5G7UﬂGKFXW1PŁHIGzMO UﬂJ5GKADH`mfUﬂAKG
dXHzm5ADWﬂ^dM5HzGDHIP^LKFXW1P·]-J5F^myHIAKSTHIGM5HBM5QIGDHIAKSiF>P^HIAdXHeA7U W1P5P^HISTHIP-GzM5HzdrO UﬂP-GDHIP5P^HcUﬂF>P^LKF]-J^HedXHzADHIP^M5HISTHIP-G
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  M  M  _P>UﬂWNXN\ U.YVX6lmR f!h ^`R;agUﬂRmY[aSR`R;a `U.YVbFc 	 \ Uﬂ^/Y_f!h XNj  PSf;UﬂR`b a
ﬃ2W1J5AzSTHIGKGKADH_HIPqQI¡FXM5HIP^CH`dXHLemyW#LDLKF>5F>d>F>GDQLeW 9HIAKGDHLemfUﬂAedXHLBUﬂP-GDHIP5P^HLzmfUﬂGDCDEŁ¬L7UﬂJ5GDLzMO F>SimyQM^UﬂP^CH






W15GDHIP-J^LNLKJ5AzCHIGKGDHhUﬂP-GDHIP5P^HhLDW1P-GBM5QIG7UﬂF>d>dXQLBM^UﬂP^Led3Um5J55d>FXCﬀUﬂGKFXW1P¢UﬂJqCW1P5#ADL  ++Y8?ﬃ³°¨ p»%ª8=

















+O UﬂP-GDHIP5P^He¬zL7UﬂJ5G2MO F>SimyQM^UﬂP^CH]-J^H+P^W1J^LU¡W1P^L"J5GKF>d>FXLDQH myW1J5A"STW1P-GKADHIAdXHL;myW#LDLKF>5F>d>F>GDQL2W 9HIAKGDHL"mfUﬂA




  ﬁ 
HIG  
  ﬁ    Łµ=d>dXHhCW1SimyW1AKGDH­M5HIJV¦qL7UﬂJ5GDLBMO F>SimyQM^UﬂP^CH#=;HLNL7UﬂJ5GDLBMO F>SimyQM^UﬂP^CHCW1P-GKA7UﬂF>ADHISTHIP-G
¬°CHIJV¦ M5HndrO UﬂP-GDHIP5P^H¢¬ LDQIdXHCIGKFXW1PM5HnSTWM5Hq¡J^HqM^UﬂP^LTd3U°mfUﬂAKGKFXHŁpV= pV=><#=>< LDW1P-G/ADHId3UﬂGKF>¡HISTHIP-G·ZrUﬂF>5dXHL
 









 ﬁ V=z+O Uﬂd>F>STHIP-G7UﬂGKFXW1PM5H¢drO UﬂP-GDHIP5P^H HLKGADQﬀUﬂd>FXLDQH¢mfUﬂAnJ5P^H¢d>F>#P^H°CWU%¦VF3UﬂdXH#=BP^H
m5E^W1GDW1#A7Uﬂm5E5FXH­M5HcdrO UﬂP-GDHIP5P^HhHLKGzM5W1P5P^QH­¬­d3U­^#J5ADHhpV= w-jV=
51 mm
24.5 mm 16 mm
27 mm
7.5 mm17 mm9.3 Ω 9.3 Ω26.8 Ω
59.2° 36.6° 25.4°
nporq 


















/CIFXHIP-GhM5H­ADQfH¦VFXW1P M5H­drO UﬂP-GDHIP5P^HTHLKGcM5W1P5P^QmfUﬂAcd3UT^#J5ADHTpV= w-pV= BP°ADHIS/UﬂAD]-J^H
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GDQHL°¬ d3U ^#J5ADH pV= w#w^= BPADHIS/UﬂAD]-J^H ]-J^HmyW1J5A¢dXHL¢M5HIJV¦Z\ADQ]-J^HIP^CHLNdXH©MVF3Uﬂ#A7UﬂSiSTH HLKG¢]-JfU1LKF{Y
W1SiP5FXMVF>ADHCIGKFXW1P5P^HId 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HIAKGKJ5ADHL ¬ 
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 #= BPŁ¡W1F>Gc]-J^H_dXHhL7UﬂJ5GcMO F>SimyQM^UﬂP^CH­myHIAKSTHIG
P^W1PiLDHIJ5dXHISTHIP-G M5HM5QCﬀUﬂdXHIAdXHL2Z\ADQ]-J^HIP^CHLM5HZ[W1P^CIGKFXW1P5P^HISTHIP-G+S/UﬂFXL+UﬂJ^LDLKF5M5HSTWMVF{fHIAdXHLMVF3Uﬂ#A7UﬂSiSTHL
M5HcA7U W1P5P^HISTHIP-Gﬀ=
ﬃ2W1J5A·F>d>d>J^LKGKADHIA·drO H 9HIG·MVJL7UﬂJ5G·MO F>SimyQM^UﬂP^CHŁHIG/drO F>P-GDQIA IGnMVJ STWM5IdXHRCIF>ADCIJ5F>GM^UﬂP^L/d3U°m5ADQI¡FXLKFXW1P
MVJ MVF3Uﬂ#A7UﬂSiSTH M5H¢A7U W1P5P^HISTHIP-GzJ5P¶CﬀUﬂdXCIJ5d_M5HLm5ADWﬂ^dXLqM5HŁGDHIP^LKFXW1P dXHŁdXW1P5 M5H¢drO UﬂP-GDHIP5P^H¬¸L7UﬂJ5G
MO F>SimyQM^UﬂP^CHHLKGNADQﬀUﬂd>FXLDQ¬imfUﬂAKGKF>A`MVJŁSTWM5IdXH­CIF>ADCIJ5F>GcmyW1J5ANdXHLNM5HIJV¦qZ\ADQ]-J^HIP^CHLcM5H_Z[W1P^CIGKFXW1P5P^HISTHIP-Gﬀ=
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pV= w#w ·kNF3Uﬂ#A7UﬂSiSTHLNM5HcA7U 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pV= w-} ﬃADWﬂ^dXLBM5HcGDHIP^LKFXW1PRM5H`drO UﬂP-GDHIP5P^H­¬L7UﬂJ5GDLzMO F>SimyQM^UﬂP^CH_ADQﬀUﬂd>FXLDQH
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d>F>#P^HLhM5HTCDEfUﬂSim©UﬂJSiF>d>FXHIJM5Hid3Und3UﬂAK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HIAKGKFXCﬀUﬂdXHL"C#O HLKG±Y ¬%Y8MVF>ADH/]-J^HidXHTCDEfUﬂSim














HLKG­M ©UﬂJV¦L7UﬂJ5GDL­MO F>SimyQM^UﬂP^CHHIGhmyHIAKSTHIGMO W15GDHIP5F>A­J5P^H/ADQLDW1PfUﬂP^CH·LKJ5AhJ5P^HTdXW1P5#J^HIJ5Am5d>J^L_ZrUﬂF>5dXH
]-J^H_myW1J5ANJ5PŁmfUﬂGDCDE°L7UﬂP^LNL7UﬂJ5GcMO F>SimyQM^UﬂP^CH#=;W1SiSTH­dXHhSTW1P-GKADHIP-G`dXHLNSTWM5IdXHLNM5HhA7U W1P5P^HISTHIP-GhM5H
d3Uq^#J5ADHnpV= w- 2dXHLiCDEfUﬂSim^LiQIG7UﬂP-Gim5ADW1myW1AKGKFXW1P5P^HIdXL/UﬂJV¦¸¡#UﬂdXHIJ5ADLM5H·GDHIP^LKFXW1P ¬ŁCDEfU1]-J^HnMVFXLDCW1P-GKF>P-J5F>GDQ








MO F>SimyQM^UﬂP^CH/P^HiA7U W1P5P^HIP-GmfU1L 	;CHId3UnSTW1P-GKADH·]-J^Hid3Un¡FXLKFXW1P STWMVF{fCﬀUﬂGKFXW1PZ\ADQ]-J^HIP-GKFXHId>dXH·M5HiSTWM5HL
m5ADQLDHIP-GDQH_m5ADQCQM5HISiSTHIP-GcHLKGBUﬂJ^LDLKF¡#Uﬂd3Uﬂ5dXH_M^UﬂP^LzCH_CﬀU1Lﬀ=
Fréquence f0 Fréquence f1
nporq 
pV= w- xŁWM5IdXHL+M5HeA7U W1P5P^HISTHIP-GeM5HedrO UﬂP-GDHIP5P^HNUﬂJV¦TM5HIJV¦Z\ADQ]-J^HIP^CHL M5HeADQLDW1PfUﬂP^CHh²&drO UﬂSim5d>F>GKJ^M5H
M5HLzCDEfUﬂSim^LNUﬂJqP5F>¡HﬀUﬂJRM5HLZ[HIP-GDHLBHLKGem5ADW1myW1AKGKFXW1P5P^HId>dXH¬­d3U­G7UﬂF>d>dXH_M5HL fCDE^HLµ
ﬃ2W1J5AŁCH ]-J5FhHLKGRMVJ¶ADHIP^M5HISTHIP-GcUﬂJ^CIJ5P^H STHLKJ5ADH¢Uﬂ5dXH P;O U©m5J IGKADH°ADQﬀUﬂd>FXLDQH myW1J5AqdrO F>P^LKG7UﬂP-Gﬀ=
NW1J^LP^W1J^LzCW1P-GDHIP-GDW1P^LNM5W1P^C`M5HNZ[W1J5AKP5F>AedXHLeADQLKJ5d>G7UﬂGDLzM5H`LKF>ShJ5d3UﬂGKFXW1PqADQﬀUﬂd>FXLDQLemfUﬂAedXHcdXW1#FXCIFXHId   p1k=5?
 ﬁ  
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^drO H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 
 fHId>dXH­HLKGcM5H  ﬁ  =
BPq¡W1F>GBM5W1P^C_]-J^H`drO H
/CﬀU1CIF>GDQhM5H`drO UﬂP-GDHIP5P^H­HLKGeGKADLzADQMVJ5F>GDH#=yHCIF;myHIJ5G IGKADH_H¦Vm5d>FX]-J^Q`mfUﬂAzdXHLemyHIAKGDHL
F>SimyW1AKG7UﬂP-GDHL`MVJ¢LKJ5^LKGKA7UﬂGﬀ= ﬃ2W1J5A`¡QIAKF{fHIA`CHId3U fJ5P^H­LKF>ShJ5d3UﬂGKFXW1P MO J5PŁmfUﬂGDCDE¢ADHCIG7UﬂP5#J5d3UﬂF>ADHiLKJ5AcmyW¦V 
U -UﬂP-Gcd3UiS ISTH`Z\ADQ]-J^HIP^CH­M5H_ADQLDW1PfUﬂP^CHhfU1LDLDHhUTQIGDQhH 9HCIGKJ^QH#=+O H
/CﬀU1CIF>GDQLKF>ShJ5dXQ­HLKGcUﬂdXW1ADLNQI-UﬂdXH­¬




CW1Sim5ADHIP^MVADHBdXHL+m5E^QIP^W1STIP^HL]-J5FfF>P-GDHIAK¡FXHIP5P^HIP-GeM^UﬂP^L CHIGKGDHNM5QI#A7U1M^UﬂGKFXW1P-P^W1J^LU¡W1P^LH 9HCIGKJ^QBM5HL LKF{Y
ShJ5d3UﬂGKFXW1P^L M5HdrO UﬂP-GDHIP5P^HB¬cL7UﬂJ5GDLMO F>SimyQM^UﬂP^CHBHIPm5ADHIPfUﬂP-G J5PTLKJ5^LKGKA7UﬂGL7UﬂP^LmyHIAKGDHeHIGM5HL+CW1P^MVJ^CIGDHIJ5ADL
mfUﬂA±ZrUﬂF>GDLﬀ=f;HLNH
/CﬀU1CIF>GDQLcLKF>ShJ5dXQHLNLDW1P-GcUﬂdXW1ADLNQI-UﬂdXHLc¬   ﬁ   myW1J5A
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pV= w ŁW1SimfUﬂA7UﬂFXLDW1P°M5HLNmyHIA±Z[W1AKS/UﬂP^CHL`MO J5P^HiUﬂP-GDHIP5P^HmfUﬂGDCDE¢ADHCIG7UﬂP5#J5d3UﬂF>ADHTHIGcMO J5P^HiUﬂP-GDHIP5P^H
mfUﬂGDCDE¢¬L7UﬂJ5GDLzMO F>SimyQM^UﬂP^CH












¬­L7UﬂJ5GMO F>SimyQM^UﬂP^CHVGDW1J5GeCW1SiSTH`CHId>dXHcMO J5P^H`UﬂP-GDHIP5P^H`mfUﬂGDCDEADHCIG7UﬂP5#J5d3UﬂF>ADH5P;O Uﬂm5myW1AKGDH`M5W1P^CNmfU1LM5H
ADQKHCIGKFXW1Pqm5ADWCDE^HhM5HLefUﬂP^M5HLBM5HNZ[W1P^CIGKFXW1P5P^HISTHIP-Gﬀ=














MO J5P^H_UﬂP-GDHIP5P^H_mfUﬂGDCDEnADHCIG7UﬂP5#J5d3UﬂF>ADHhCId3U1LDLKFX]-J^H#=ﬃUﬂAzCW1P-GKADH5dXHNZrUﬂF>GeMO F>P^LDQIADHIABM5HLeL7UﬂJ5GDLeMO F>SimyQM^UﬂP^CHL
HIP-GKA7U%gXP^H·J5P^H·M5QI#A7U1M^UﬂGKFXW1P M5H/drO H
/CﬀU1CIF>GDQ]-J5F myHIJ5G IGKADH/d>F>SiF>GDQH/mfUﬂA­drO J5GKF>d>FXL7UﬂGKFXW1P MO J5P©LKJ5^LKGKA7UﬂGM5H
ZrUﬂF>5dXH`myHIAKSiF>GKGKF>¡F>GDQ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k`UﬂP^L/J5P LK VLKGDISTHRMO QISiFXLDLKFXW1PsBtdrO UﬂP-GDHIP5P^HRmyHIAKSTHIGM5HqCW1P-¡HIAKGKF>AJ5P^HRW1P^M5Hq#J5FXM5QHŁHIPW1P^M5H
A7U W1P5P^QH#=5W1SiSTHzW1PTdrO Uc¡J/M^UﬂP^L+d3UNmfUﬂAKGKFXHh<#=><#= jV= phU¡HCedXHeG7Uﬂ5dXHﬀUﬂJŁ<#= j #myW1J5A CHIAKG7UﬂF>P^HLUﬂm5m5d>FXCﬀUﬂGKFXW1P^L
J5P A7U W1P5P^HISTHIP-GŁMVF>ADHCIGKF{ZiHLKGP^QCHLDL7UﬂF>ADH U%^P¶MO UﬂSTQId>FXW1ADHIARdrO H
/CﬀU1CIF>GDQ M5HŁd3U¸d>F3UﬂFXLDW1P¶HIGqM5HŁd>F>SiF>GDHIA
dXHL/myHIAKGKJ5AKfUﬂGKFXW1P^LnLKJ5A·MO UﬂJ5GKADHLd>F3UﬂFXLDW1P^Lﬀ=ﬃ2W1J5AnCHId3U M5HL·LK VLKGDISTHL·MVF>GM5HqZ[W1AKS/UﬂGKFXW1P§M5HR¡W1FXHLW1J
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8d+HLKG_CW1P^LKGKF>GKJ^QTMO J5PMVF>¡FXLDHIJ5AhM5Hm5J5FXLDL7UﬂP^CHT]-J5FADQImfUﬂAKGKF>G_d3Um5J5FXLDL7UﬂP^CHiMO HIP-GKADQH/LKJ5A
















¬¸d3UZ[W1FXLqMVJ§^d>GKA7UﬂH LKmfUﬂGKF3Uﬂd·²&yHﬀUﬂSZ[W1AKSiF>P5µHIGqMVJ ^d>GKA7UﬂH¢Z\ADQ]-J^HIP-GKFXHId zLDW1F>GqMVJ ^d>GKA7UﬂH LKmfUﬂGKFXWﬂY
Z\ADQ]-J^HIP-GKFXHIdr=-k`UﬂP^L+d3U`LKJ5F>GDH#P^W1J^L+J5GKF>d>FXLDW1P^L M5W1P^CzJ5P/MVFXLKmyW#LKF>GKF{Zym5d>J^L LKF>Sim5dXHzS/UﬂFXL CW1J5A7UﬂSiSTHIP-GJ5GKF>d>FXLDQ 	
dXHADQLDHﬀUﬂJ°d>F>P^QﬀUﬂF>ADH/MO UﬂP-GDHIP5P^HLﬀ=;;Him5AKF>P^CIF>myHTM5H­^d>GKA7UﬂHTLKmfUﬂGKFXWﬂY[Z\ADQ]-J^HIP-GKFXHIdHLKG`P^QﬀUﬂSiSTW1F>P^L_QIP^QIA7Uﬂd>F{Y
L7Uﬂ5dXH·¬qMO UﬂJ5GKADHLLK VLKGDISTHLhM5HiZ[W1AKS/UﬂGKFXW1P©M5H/¡W1FXHLﬀ=HTGKA7U¡#UﬂF>deUZrUﬂF>GhdrO W1 KHIG­MO J5P^H/m5J55d>FXCﬀUﬂGKFXW1P UﬂJ
CW1P5#ADL  ++Y8?ﬃ³nHIPRj#£#£ﬂwR¨ p#ﬂª8=
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k`UﬂP^L drO Q]-JfUﬂGKFXW1P¢²[pV= pV<%µﬀ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pV= w-v n³-J5m5myW1AKGz#A7Uﬂm5E5FX]-J^HhMO QIGKJ^M5H_MVJn^d>GKA7Uﬂ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M5H·CDEfU1]-J^HqUﬂP-GDHIP5P^HMO J5P©ADQLDHﬀUﬂJ©d>F>P^QﬀUﬂF>ADH2F>dM5W1F>GiH¦VFXLKGDHIA­J5P^HMVF:9QIADHIP^CHM5H/m5EfU1LDHM5H  STWMVJ5dXW
  cmyW1J5ABW15GDHIP5F>AzJ5PnS/U%¦VF>ShJ5S M^UﬂP^Lzd3UMVF>ADHCIGKFXW1PŁM5QLKF>ADQH#=
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Y j#£  V<#=   <ﬀv#£  £ <ﬀv#£  £ jﬂw^<#= }  £ p#£#pV= j  Y7< p#pV= j  <
Y j#£  V<#=   j»1£  £ j»1£  £ p#pV<#=   Y7< p#pV= j  Y7< ﬂw^= v  j







cV<#=   £ 


­<ﬀj#pV= j  £ 


­<ﬀvﬂw^= v  p



















cp##£  < 


cp##£  £ 

}
j#£  j##vV= w  #£  £ #£  Y7< j#vV= w  Y7< p#j#V= v  Y j j##}V= j  
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pV= } ·kNF:9QIADHIP-GDHLBCW1PV^#J5A7UﬂGKFXW1P^LNM5H`¡#UﬂAKF3UﬂGKFXW1PRM5Hcm5EfU1LDH`d>F>P^QﬀUﬂF>ADHhQIGKJ^MVFXQHL
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J5P^H+LDHIJ5dXH CHId>d>J5dXHﬀP;O UﬂSTHIPfUﬂP-G]-J;O J5P^H¡#UﬂAKF3UﬂGKFXW1P­M5H+m5EfU1LDH+MO UﬂJhS/U%¦VF>ShJ5Sp##£ mfUﬂA;¡W1FXH#=%P­CﬀU1LDCﬀU1M^UﬂP-G
m5d>J^LKFXHIJ5ADL_M5QIm5EfU1LDHIJ5ADL/¹UﬂADCIG7UﬂP"¹ ;F>d+HLKGcmyW#LDLKF>5dXHiMO W15GDHIP5F>AhMVJ¢^d>GKA7UﬂHTLKmfUﬂGKFXWﬂY[Z\ADQ]-J^HIP-GKFXHId ;CW1SiSTHidXH
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STHIP-GM5HB]-J^HIdX]-J^HL M5QIm5EfU1LDHIJ5ADLJ5PUﬂd>W1AKF>GKE5STHNMO W1m5GKF>SiFXL7UﬂGKFXW1PmyHIJ5G IGKADHBM5QI¡HIdXW1m5myQBmyW1J5A+myHIAKSTHIGKGKADH
¬­mfUﬂAKGKF>ANMO J5Pq-UﬂfUﬂAKF>GBLKmfUﬂGKFXWﬂY[Z\ADQ]-J^HIP-GKFXHId fMO W15GDHIP5F>ANCHLeF>PVZ[W1AKS/UﬂGKFXW1P^Lﬀ=
  M ;M  _P>UﬂWNXN\ U.YVX6lmR_f!h ^`R;a a
 
 P>TFXNj aSRmY[U.YVX6lmRﬃj a YKY[UﬂRmY aSRP ;XNf;aSR`b aW6a 	pWZY[TVU
0a\ `U.YVX6l 
,TVP ^;aSRmYVX6aSW















W1SiSTHdXHSTW1P-GKADHd3UB^#J5ADHzpV= }» ﬂdXHL+UﬂP-GDHIP5P^HL LDW1P-G+Uﬂd>F>STHIP-GDQHL+mfUﬂAdrO F>P-GDHIAKSTQMVF3UﬂF>ADHBMO J5PiMVF>¡FXLDHIJ5A
M5Hnm5J5FXLDL7UﬂP^CHqM5Hn´F>d F>P^LDW1P Q]-J5F>d>F>5ADQ C#O HLKG±Y ¬%Y8MVF>ADHR]-J5FBUﬂSTIP^HqJ5P M5QIm5EfU1L7UﬂHqHIGTJ5P^HRUﬂGKGDQIP-JfUﬂGKFXW1P
























]-J^HIP5GKFXHId>dXH/myHIJ5G IGKADHTADQﬀUﬂd>FXLDQH#= ﬃ2W1J5A<ﬀ£V<UﬂP5#dXHLh¡#UﬂAKF3UﬂP-GiM5HiY #£ /¬R#£   <ﬀ£V</STHLKJ5ADHLHIP Z\ADQ]-J^HIP^CH
²±<%a3B¯`¬h}a3B¯ﬂµ+LDW1P-GH 9HCIGKJ^QHLﬀ=?BF>P^LKF -J5P^HBSTHLKJ5ADHNLKmfUﬂGKFXWﬂY[Z\ADQ]-J^HIP-GKFXHId>dXH`MO J5PM5HLmfUﬂGDCDE^LMVJ·ADQLDHﬀUﬂJ
Uﬂd>F>STHIP-GDQcmfUﬂAdXHNMVF>¡FXLDHIJ5AM5HBm5J5FXLDL7UﬂP^CHcU1M^Uﬂm5GDQ`UﬂJV¦·LDW1AKGKFXHLP^W1PVYrJ5GKF>d>FXLDQHLeHLKGH 9HCIGKJ^QH#=^HIGKGDHNSTHLKJ5ADH
myHIAKSTHIGMO FXLDW1dXHIAhdXHLh¡#UﬂAKF3UﬂGKFXW1P^LhZ\ADQ]-J^HIP-GKFXHId>dXHLM5HL­CﬀUﬂA7U1CIGDQIAKFXLKGKFX]-J^HLMVJ¸MVF>¡FXLDHIJ5A­M5H/m5J5FXLDL7UﬂP^CH/HIG­M5H
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k`UﬂP^LcdrO H¦VmyQIAKF>STHIP-G7UﬂGKFXW1PCDE^W1FXLKFXHydXHh#A7U1MVFXHIP-GhM5H­m5EfU1LDHHLKG`QI-Uﬂd+¬ ·²&STWMVJ5dXW   %µ=y;HL`MVF:9QY
ADHIP-GDHLBCW1PV^#J5A7UﬂGKFXW1P^LBmyW#LDLKF>5dXHLBU¡HC_M5HLed>F>#P^HLBM5H   `LDW1P-GzM5W1P5P^QHLBM^UﬂP^LzdXHcG7Uﬂ5dXHﬀUﬂJ¢pV= V=
  +W1FXHT< +W1FXHhj +W1FXH_p +W1FXH`w sBHIS/UﬂAD]-J^HL
< £  £  £  £ 
j £  £  £  p##£ 
p £  £  p##£  £ 
w £  £  p##£  p##£ 
} £  p##£  £  £  LK STQIGKAKFX]-J^H_p
 £  p##£  £  p##£ 
» £  p##£  p##£  £ 
v £  p##£  p##£  p##£  FXM5HIS 
 p##£  £  £  £  LK STQIGKAKFX]-J^H_j
<ﬀ£ p##£  £  £  p##£  FXM5HIS »
<#< p##£  £  p##£  £  LK STQIGKAKFX]-J^H_
<ﬀj p##£  £  p##£  p##£  FXM5HIS }
<ﬀp p##£  p##£  £  £  LK STQIGKAKFX]-J^Hcw
<Iw p##£  p##£  £  p##£  LK STQIGKAKFX]-J^Hi<ﬀj
<ﬀ} p##£  p##£  p##£  £  LK STQIGKAKFX]-J^H_v
<ﬀ p##£  p##£  p##£  p##£  FXM5HIS¤<
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pV=  nW1PV^#J5A7UﬂGKFXW1P^LNMVJqADQLDHﬀUﬂJŁU¡HC_M5HLed>F>#P^HLBW1m5GKFXW1P5P^HId>dXHLNM5H_p##£ 
HIAKG7UﬂF>P^HLTCW1Sh5F>PfUﬂFXLDW1P^LTM5W1P5P^HIP-GTM5HLMVF3Uﬂ#A7UﬂSiSTHLTLKmfUﬂGKFXWﬂY[Z\ADQ]-J^HIP-GKFXHIdXLTFXM5HIP-GKFX]-J^HLiCW1SiSTHmfUﬂA
H¦5HISim5dXHhp##£ `p##£ `p##£ `£ cHIGN£ c£ `£ `p##£ 1=5kO UﬂJ5GKADHLBM5W1P5P^HIP-GNM5HLzMVF3Uﬂ#A7UﬂSiSTHLNQ]-J5F>¡#UﬂdXHIP-GDLzS/UﬂFXL
LKmfUﬂGKF3UﬂdXHISTHIP-GNLK STQIGKAKFX]-J^HLzCW1SiSTH`mfUﬂAzH¦5HISim5dXH_£ `p##£ `£ c£ NHIGB£ `£ cp##£ `£ 1=VPqGDHIPfUﬂP-GBCW1Sim5GDH
M5H­CHL`CW1PV^#J5A7UﬂGKFXW1P^L_LKmfUﬂGKF3UﬂdXHISTHIP-G_LK STQIGKAKFX]-J^HLcHIG`M5H­CHId>dXHL`]-J5FM5W1P5P^HIP-G`dXHLNS ISTHL`MVF3Uﬂ#A7UﬂSiSTHL
LKmfUﬂGKFXWﬂY[Z\ADQ]-J^HIP-GKFXHIdXL^F>d;HLKGemyW#LDLKF>5dXH`M5H`d>F>SiF>GDHIAzdrO QIGKJ^M5H­UﬂJV¦nLKF{¦CW1PV^#J5A7UﬂGKFXW1P^LcLKJ5F>¡#UﬂP-GDHL 	
 £ c£ `£ `£ 
 £ c£ `£ `p##£ 
 £ c£ `p##£ `£ 
 £ c£ `p##£ `p##£ 
 £ cp##£ _£ cp##£ 
 £ cp##£ _p##£ `£ 
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pV= #£ TkNF3Uﬂ#A7UﬂSiSTHLeLKmfUﬂGKFXWﬂY[Z\ADQ]-J^HIP-GKFXHIdXLeLKF>ShJ5dXQcHIG STHLKJ5ADQNmyW1J5A d3UhCW1PV^#J5A7UﬂGKFXW1PR£ B£ Bp##£ N£ 
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  ﬃ2W1F>P-G7UﬂH  +W1FXHi< +W1FXHhj +W1FXHhp +W1FXH`w
< j#£  Y #j  <ﬀv#  <ﬀjﬂw  #j 
cp##£ Bw-j#j  p##£ 
j j#£  Y #j  <ﬀv#  <ﬀjﬂw  #j 
`»1j#£ `»1v#j  p##£ 
p j#£  Y #j  <ﬀv#  <ﬀjﬂw 
cp##£ Bw-vﬂw  #j 
`»1j#£ `»1v#j  <ﬀ£#v#£ 
w £  £  £  £  p##£  p##£ 
} £  £  £  £  »1j#£  p##£ 
 £  £  £  p##£  »1j#£  <ﬀ£#v#£ 
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N° 4 & 5 & 6










;HLiADQImyW1P^LDHLZ\ADQ]-J^HIP-GKFXHId>dXHL/M5HLTCW1PV^#J5A7UﬂGKFXW1P^LŁ<nHIGiw +UﬂF>P^LKFz]-J^Hqj¢HIG/} W1J HIP^CW1ADHRp¢HIG/ LDW1P-G
FXM5HIP-GKFX]-J^HLﬀ= BP¸ADHIS/UﬂAD]-J^HM5W1P^C]-J^H2]-J^HIde]-J^H·LDW1F>G­drO UﬂP5#dXH2F>deHLKG­myW#LDLKF>5dXH·MO Uﬂm5myW1AKGDHIAJ5P^d>GKA7UﬂH
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m5d>J^LhW1J STW1F>P^LhP^W1Sh5ADHIJV¦HIGhLDQIdXHCIGKF{Z[Lﬀ=;?"¡HCTM5HLhM5QIm5EfU1LDHIJ5ADLhP^W1P d>F>P^QﬀUﬂF>ADHL"CH/]-J5FP;O HLKGhmfU1L_STW1PVY
GKADQ­FXCIF yF>dHLKGcmyW#LDLKF>5dXHMO W15GDHIP5F>A_M5HLN^d>GKA7UﬂHL_MVF:9QIADHIP-GDL;L7UﬂP^LNADHISTW1P-GDQHL­UﬂJV¦ŁEfUﬂAKSTW1P5FX]-J^HLﬀ=?BF>P^LKF 
CDEfU1]-J^HiCW1PV^#J5A7UﬂGKFXW1PmyW#LDLDM5HM5HLcm5ADW1m5AKFXQIGDQLcZ\ADQ]-J^HIP-GKFXHId>dXHLhMVF:9QIADHIP-GDHL_]-J5FmyHIJ5¡HIP-G_myHIAKSTHIGKGKADHiM5H
CW1P-GKAKF>5J^HIAf]-J^HId"]-J^H`LDW1F>GedrO UﬂP5#dXHhM5HcmyW1F>P-G7UﬂHUﬂJV¦nH¦VF>HIP^CHLBM5HN^d>GKA7UﬂH_#dXW1fUﬂdXHLBM5Hcd3UiCDEfU%gXP^HhsBt=














N° 1 & 4
N° 2 & 5
N° 3 & 6
nporq 
pV= #} ·sBQImyW1P^LDH`HIPZ\ADQ]-J^HIP^CH_M5HLzCW1PV^#J5A7UﬂGKFXW1P^L`U¡HC`¡#UﬂAKF3UﬂGKFXW1PRM5H`m5EfU1LDHcd>F>P^QﬀUﬂF>ADH
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H+STQISTW1F>ADHeUemyW1J5A"5J5G2M5H+STW1P-GKADHIAdrO F>P-GDQIA IGMVJ_^d>GKA7UﬂH ADQImfUﬂAKGKFVLKJ5A"J5P^H CDEfU%gXP^HMO QISiFXLDLKFXW1PhA7U1MVFXWﬂY
Z\ADQ]-J^HIP^CH#=-HzCW1P^CHIm5G M5H^d>GKA7UﬂHeADQImfUﬂAKGKFfHLKGfU1LDQeLKJ5Ad3UNmyW#LDLKF>5F>d>F>GDQeMO F>P-GDQI#ADHIA dXW1ADL+M5Hd3U`CW1P^CHIm5GKFXW1P
MO J5PiCW1SimyW#L7UﬂP-GMO J5PTQISTHIGKGDHIJ5Az²[UﬂSim5d>F{fCﬀUﬂGDHIJ5A M5Hm5J5FXLDL7UﬂP^CH#UﬂP-GDHIP5P^H#MVF>¡FXLDHIJ5AM5H m5J5FXLDL7UﬂP^CH#=>=>= µ"J5P^H
W1J/m5d>J^LKFXHIJ5ADLCW1P-GKA7UﬂF>P-GDHLzM5He^d>GKA7UﬂH#=VPnU1LDLDWCIF3UﬂP-GM5HBS/UﬂP5FXIADHcCW1P-GKAD®1dXQHcCHL+^d>GKA7UﬂHL`¹ILDHCW1P^M^UﬂF>ADHL%¹















§+O UﬂP-GDHIP5P^H°^d>GKA7UﬂP-GDH HLKGnfU1LDQH°LKJ5AnJ5P ADQLDW1PfUﬂGDHIJ5AŁ¬©L7UﬂJ5GDLnMO F>SimyQM^UﬂP^CHBCH°]-J5Fcd>J5F_M5W1P5P^H
M5HLTm5ADW1m5AKFXQIGDQL/ShJ5d>GKF{YrfUﬂP^M5HLﬀ=xRFXL·¬¢mfUﬂAKG·CHIGU¡#UﬂP-G7UﬂHŁM5HqmyW#LKF>GKFXW1P5P^HISTHIP-GM5HLiZ\ADQ]-J^HIP^CHL
MO J5GKF>d>FXL7UﬂGKFXW1P^d3UhZ[W1P^CIGKFXW1PRM5Hc^d>GKA7UﬂHhUﬂm5myW1AKGDQH`mfUﬂAzdrO UﬂP-GDHIP5P^HhHLKGed>F>SiF>GDQH­¬­J5PqW1ADMVADH_J5P;=
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U1CIGKJ^HId>dXHL¢²\t?NscµﬀF>dzmyHIJ5G IGKADHqF>P-GDQIADHLDL7UﬂP-GMO F>S/Uﬂ#F>P^HIAM5HL·UﬂADCDE5F>GDHCIGKJ5ADHL·myHIAKSTHIGKG7UﬂP-GMO HIP d>F>SiF{Y
GDHIANdrO J^L7UﬂH#=y;HLBZ\J5GKJ5ADLcQISTHIGKGDHIJ5ADL±YrADQCHIm5GDHIJ5ADL`J5GKF>d>FXLDHIADW1P-G_L7UﬂP^LNM5W1J5GDH­d3U/MVF>¡HIADLKF>GDQHIGcM5W1P^Chm5d>J^LKFXHIJ5ADL
¡W1FXHLBM5H`GKA7UﬂF>GDHISTHIP-GcHIPqmfUﬂA7Uﬂd>dXIdXH#= BPqmyHIJ5GNUﬂdXW1ADLeF>S/Uﬂ#F>P^HIANM5HLBCIF>ADCIJ5F>GDL^CW1Sim5dXIGDHISTHIP-GcF>P-GDQI#ADQLNLKJ5A




HIGmfU1LnLDHIJ5dXHISTHIP-GR¬ ^d>GKA7UﬂH¢ADQImfUﬂAKGKF myHIJ5¡HIP-GRUﬂm5myW1AKGDHIAdXHIJ5AqCW1P-GKAKF>5J5GKFXW1P¬drO UﬂJ5#STHIP-G7UﬂGKFXW1PM5HL
myHIA±Z[W1AKS/UﬂP^CHLBM5H_LK VLKGDISTHLeM5H_CW1SiShJ5P5FXCﬀUﬂGKFXW1P°U1CIGKJ^HIdXLBHIGeZ\J5GKJ5ADLﬀ=5"¬iHIP^CW1ADHfW1J5GKADH`drO QIGKJ^M5H_M5H_CW1SY
myW#L7UﬂP-GDLBShJ5d>GKF{Y[Z[W1P^CIGKFXW1P^L/²3^d>GKADH_A7U W1P5PfUﬂP-G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